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Abstract
The  Indo-Pacific  bottlenose  dolphin  (Tursiops  aduncus)  is  a  common  top  predator  along  the 
KwaZulu-Natal coast. There have been several dietary studies done on this species, most of which 
have classed this predator as an opportunistic feeder preying on the most abundant prey species in that  
area. In KwaZulu-Natal (KZN) a dietary study was carried out in 1990, but there have been no follow-
up studies to examine potential changes in diet. A number of bottlenose dolphins get entangled in the 
shark-nets set off the KZN coast each year. These dolphins provide a valuable source of information 
about different aspects of the ecology of this population. The aim of this study was to examine the diet 
of bottlenose dolphins off the KwaZulu-Natal coast with particular emphasis on temporal change in 
diet  composition.  The  contents  of  102 stomachs  of   bottlenose  dolphins  (58  females,  44  males)  
accidentally  caught  in  the  shark  nets  between  1985 and  2010  were  analysed,  and  compared  to 
historical data from dolphins caught between 1975 and 1986. A total of 94 different prey species from 
37 families  (32  fish  families,  five  cephalopod families)  were  identified  in  the  stomach contents. 
Teleosts made up the most important prey group in numbers and weight constituting 84 % and 67 %, 
respectively, while cephalopods made up 15 % of the number and 30 % of the weight of the prey 
items. Multi  Dimensional  Scaling (MDS) indicated that  there is  no resource partitioning between 
males  and  females,  but  significant  partitioning  between  juveniles  and  adults.  Six  prey  species 
contributed more than 60% of the weight of all prey species in the diet. These species are the most  
important  according  to  their  calculated  index  of  relative  importance  score  and  are,  in  order  of  
importance:  Sepia  sp. (cuttlefish).,  Pomadasys olivaceus  (piggy), Trachurus delagoa  (maasbanker),  
Scomber japonicus  (mackeral), Loligo  sp. (squid). and  Pagellus bellottii natalensis  (pandora or red 
tjor-tjor). When compared to historic data, no changes in the main prey species has occurred, but the 
piggy  has  decreased  in  importance  (1976-1986  %IRI=45;  2000-2010  %IRI=22),  while  the 
maasbanker has increased (1975-1986, %IRI=4; 2000-2010 %IRI=20). 
Stable carbon and nitrogen isotope analysis performed on tissue from the teeth of T. aduncus caught in 
the shark nets between 1970 and 2010 showed that there has been no significant shift in trophic level  
(δ15N) or in primary prey source (δ13C) over this time. The isotopic signatures of different tissues from 
an individual were used to create a base line and describe the differences in tissue signatures. Blubber 
was found to be significantly different from skin and muscle, which were found to be isotopically  
similar. Skin from remote biopsies can therefore probably be used in place of muscle for isotopic 
studies of bottlenose dolphins, while caution should be taken when using blubber.
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Given that T. aduncus is still listed as “data deficient” by the International Union for the Conservation 
of  Nature  (IUCN),  and  the  potential  for  climate  change  and  expanding  fisheries  to  alter  the  
distribution and abundance of their prey species, long term dietary studies such as this are important  
in order for their effective conservation and management.
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Chapter 1
General Introduction
1.1 Importance of marine mammals in the marine ecosystem
Ecosystems are characterized by a one-way energy flow through the trophic levels of the biotic community 
as well as chemical cycling from the abiotic environment (Mader 2007). This includes interactions between 
the biotic factors, both among themselves, and with the physical and chemical environment (Mader 2007). 
Due to this complexity of ecosystems it  is often not possible to study each different aspect individually  
(Boyd & Murray 2001).  This is especially true for marine environments, where ecosystems are inherently 
difficult and expensive to study (Simmonds & Isaac 2007). Therefore the use of taxa at the upper trophic 
boundary  have  been  advocated  as  indicators  of  ecosystem health  (Boyd  & Murray  2001).  Marine  top 
predators are often used as proxies for ecosystem health, because their life histories are usually characterized  
by long life spans, late onset of sexual maturity, and a relatively low reproductive output ( Lewison  et al. 
2004), making them particularly vulnerable to changes lower down in the food chain (Boyd et al. 2006). In 
addition, marine mammals are charismatic animals that usually elicit a strong human emotion, making them 
more likely to be observed,  therefore any health problems that  may affect  these animals will  cause the  
general public to pay attention to deteriorating ocean environments (Bossart 2006). 
Marine top predators include pinnipeds, cetaceans, seabirds and larger predatory fish (Boyd  et al. 2006). 
Some of these groups, particularly pinnipeds and seabirds, are easily accessible during obligatory terrestrial  
phases associated with breeding and moulting (Boyd et al. 2006). Due to a solely marine existence, cetaceans 
on the other hand, are relatively difficult to study. These animals spend most of their time below the surface 
where they are difficult to observe (Walker & Macko 1999; Boyd et al. 2006).  Changes in the  population 
size, reproductive performance, diet, and foraging behaviour  of predators tend to reflect the status of their 
food supply (Boyd & Murray 2001). The distribution of cetaceans seems to be controlled by three factors: 
water temperature, water depth, and the distribution and abundance of their prey (MacLeod 2009). The high 
sensitivity of cetaceans to changes that might occur to their physical environments, as well as indirect effects  
that might affect their preferred prey species make them good environmental indicators (Sekiguchi  et al. 
1992). 
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1.2 General biology of the bottlenose dolphin, Tursiops aduncus
1.2.1 Taxonomy and distribution
The bottlenose dolphin (Tursiops sp.), is a member of the Family Delphinidae in the Order Cetacea, Suborder 
Odontoceti. It is probably the most well studied cetacean species, partially resulting from the fact that it is  
the most successfully kept dolphin species in captivity worldwide (Wells & Scott 1999;  Kastelein  et al. 
2002). These dolphins have a wide distribution and are found in temperate and tropical waters worldwide 
(Wells & Scott 1999). 
The taxonomy of these dolphins has long been a subject of debate (Wang & Yang 2002). By the beginning of 
the 20th century, 20 specific names had been applied to the members of the genus  Tursiops  (Natoli  et al. 
2004). This is mostly due to the taxonomists located in various different geographical regions having access 
to one specimen and thus a lack of comparative material from other regions in the world (Ross 1973).  T.  
aduncus  (originally named  Delphinus aduncus) was first  described by Hemprich and Ehrenberg in 1832 
from the carcass of a stranded individual from the Red Sea (Perrin et al. 2007). In 1889, True synonymized 
many of these forms into five species: T. tursio (Gervais 1855), T. catalania (Gray 1862), T. absulum (True 
1889), T. gilli (Dall 1873), and T. parvimanus (Van Beneden 1886). He left out T. aduncus due to the lack of 
the original description.  T. gephyreus and  T. nuuanu were subsequently described by Lahille (1908) and 
Andrews (1911) respectively. Since this time there has been much controversy as to the taxonomic status of  
this genus.  For example,  some researchers suggest  that there is one species,  divided into different races  
according to location (Tomilin 1957), while others propose only two species, T. gilli and T. truncatus, with 
the latter subdivided into two sub-species  T. truncatus truncatus and  T. truncatus aduncus  (Herschkovitz 
1966). As a  result  of  this  confusion,  the  species  have usually  all  been lumped into a  single  species  T.  
truncatus (Hale et al. 2000; Best 2007). The more persistent classifications included T. gilli and T. nuuanu in 
the eastern North Pacific, and T. aduncus in the Indian Ocean, Australia and China (Best 2007). 
In Australia there is great ambiguity in the naming of the bottlenose dolphins along the coast. Historically all 
these dolphins were classified as  T. truncatus.  It  was only after  T. aduncus was reconsidered as a valid 
species that their presence was proposed in Australian waters (Hale  et al. 2000). In addition,  Möller et al. 
(2008) showed genetic evidence of a new species of Tursiops in southern Australia. This new species was 
described and named as  T. australis  sp. nov. by  Charlton-Robb  et al.  (2011). This species is endemic to 
southern and south-eastern Australia and therefore was assigned a high conservation status (Charlton-Robb 
et al. 2011).
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Fig. 1.1: Tursiops aduncus showing dorsal and ventral views. Drawing: Maurizio Würtz (www.artesciencza.org)
There  have been numerous studies  along the  United  States  coastline  describing two forms of  Tursiops 
inhabiting the same waters, but differing in diet, distribution, morphology, genetics, and stable-isotope and  
haemoglobin profiles (Hersh & Duffield 1990; Mead & Potter 1995; Hoelzel et al. 1998; Barros et al. 2010). 
Two morphotypes,  T. truncatus, and T. cf. aduncus were identified in south-eastern Africa, East and South 
China Seas, and eastern Australia (Hale et al. 2000). T. cf. aduncus was found to live closer inshore than T.  
truncatus, with the former being smaller in length, and having more teeth (Hale et al. 2000).
A series of recent genetic studies have been carried out to try and elucidate the taxonomic status of Tursiops. 
Wang (1999) used mitochondrial DNA (mtDNA) as well as osteology and morphometrics to show that there 
are two distinct species of Tursiops in the coastal waters of China. These two species, named T. truncatus 
and  T. aduncus, are sympatric, but are reproductively isolated.  However, a genetic study by Natoli  et al. 
(2004) using both mitochondrial and microsatellite DNA from populations around the world, has shown that 
the aduncus-type dolphins from South Africa represent an independent lineage from both the truncatus-type 
as well as the aduncus-type from China. This has led to the suggestion that there are three bottlenose dolphin 
species, namely T. truncatus, T. aduncus and an as yet unnamed species from China.
Information on the global distribution and abundance of T. aduncus is limited and patchy as a result of the 
taxonomic confusion around this species. It appears to be widely distributed in Indo-Pacific coastal waters 
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from Cape Town northwards along the southern side of Africa to the Red Sea and then eastwards to the  
Solomon Islands, south-east Asia and Japan, and around most of Australia (Best 2007; Reeves & Brownell 
2009).  On  the  Southern  African  coast,  T.  aduncus has  a  continuous  distribution  from  Cape  Agulhus 
eastwards through to Southern Mozambique. In KwaZulu-Natal (KZN) it usually occurs in waters less than 
30 m deep (Best 2007). 
There are no abundance estimates for the species as a whole, but there are regional estimates available as 
listed below. 
• Japan: 
◦ Amakusa-Shimoshima – 218 (Shirakihara et al. 2002)
◦ Mikura Island – 160 (Reeves & Brownell 2009)
• Australia: 
◦ Shark Bay - >600 (Reeves & Brownell 2009)
◦ Point Lookout – 700-1000 (Chilvers & Corkeron 2003)
◦ Moreton Bay – 818 (Lukoschek & Chilvers 2008)
◦ Clarence and Richmond River estuaries - <100 (Reeves & Brownell 2009)
• Zanzibar: 136-179 (Stensland et al. 2006)
• South Africa
◦ KwaZulu-Natal: 900 (Peddemors 1999)
◦ Algoa Bay: 28 482 (Reisinger & Karczmarski 2010)
In South African waters two morphological forms are recognised:  Tursiops truncatus (Common bottlenose 
dolphin)  and an inshore form  Tursiops aduncus (Indo-Pacific  bottlenose dolphin,  also called the Indian 
Ocean bottlenose dolphin) (Best 2007). The colouration of  T. aduncus is far less striking than that of  T. 
truncatus. The light grey blaze that runs back from the side of the head, branching towards the dorsal fin that  
is apparent on T. truncatus, is muted or absent in the T. aduncus form (Best 2007). Calves and juveniles of T.  
aduncus exhibit a white belly, from throat to anus, which develops small dark freckles as the animal ages, 
covering most of the abdomen and sides of the adults.  T. aduncus also has on average more teeth and a 
longer rostrum than T. truncatus (Hale et al. 2000; Best 2007).  T. truncatus has 20-27 pairs of teeth in the 
upper jaw, and 20-25 pairs in the lower jaw, while T. aduncus has 24-29 pairs in the upper, and 22-29 pairs in 
the lower jaw (Best 2007). All of the animals used in this study were morphologically similar to T. aduncus, 
and due to their coastal distribution, it is assumed that all the Tursiops. sp. caught in the shark nets off KZN 
are of the aduncus type.
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Fig. 1.2: Global distribution ranges for the Indian Ocean bottlenose dolphin (Tursiops aduncus). Taken from Hammond 
et al. (2008)
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1.2.2 Life History
T. aduncus reaches physical maturity at an average length of 2.43 m in males and 2.38 m in females, with 
sexual maturity being reached at 2.4 m and between 2.13-2.3 m, respectively (Cockcroft & Ross 1990a; Best 
2007).  This  species  is  only  marginally  sexually  dimorphic,  with  males  attaining  a  total  length  of  
approximately 2.57 m and females 2.49 m (Cockcroft & Ross 1990; Hale et al. 2000; Best 2007). Calves are 
born at an average length of 1.03 m after a gestation period of between 357 -384 days and along the KZN  
coast, births occur throughout the year, with a peak occurring in the summer months between November and  
February  (Cockcroft  &  Ross  1990a).  Suckling  has  been  recorded  to  last  between  two  and  four  years  
(Cockcroft & Ross 1990a). The intake of solid food begins at about six months of age. Females first ovulate  
between 9.5 and 11 years of age, and produce their first offspring at 12-15 years (Mann et al. 2000;  Best 
2007). The projected calving interval for T. aduncus is approximately every three or four years (Cockcroft & 
Ross 1990a). Both sexes can live to 42-43 years of age (Best 2007).
1.2.3 Behaviour
T. aduncus are social animals that live in fission-fusion societies, where animals associate into subgroups that 
often change in size and composition (Smolker  et al. 1992;  Connor  et al. 2001). These subgroups interact 
with other  conspecifics  in  a  fluid manner,  but  always as  a  subgroup (Smolker  et  al. 1992).  In  western 
Australia, long term consistent bonds have been observed between members of the same sex and between  
mothers and calves (Smolker et al. 1992; Connor et al. 2000). The strongest non-maternal bonds are between 
males, forming pairs or triplets that are consistent over a period of years (Smolker et al. 1992). Females form 
more ephemeral groups, have a large network of associates and are linked to most other females in an area  
(Connor  et al. 2000). In this extensive network, females will form bands and will associate strongly with  
females in the same reproductive state within that band (i.e. females with calves of similar ages) ( Connor et  
al. 2000). The reproductive state of the female seems to be the driving factor for male-female bonds, and are 
more likely to take place when the female is cycling (reproductively receptive) (Smolker et al. 1992; Connor 
et al. 2000). Male subgroups may form temporary secondary alliances with other subgroups when herding 
females, and to protect against other alliances attempting to take their female consorts (Smolker et al. 1992; 
Connor et al. 2000). There have been few behavioural studies of T. aduncus in South Africa (Saayman et al. 
1973), and the most common group-size appears to range between 20 and 50 individuals (Wang & Yang  
2002), going up to 150 individuals in Plettenberg Bay (Saayman et al. 1973).
1.2.4 Diet
The diet of bottlenose dolphins (Tursiops spp.) comprises mainly fish and cephalopods from a wide variety 
of habitats, ranging from benthic reefs, sandy bottom and pelagic waters. The diet has been described in 
many regions worldwide, such as South Africa (Cockcroft & Ross 1990b), the Pacific coast  (Hanson & 
Defran 1993), Brazil (DeOliveira Santos et al. 2002), the Gulf of Mexico (Barros & Wells 1998; Gannon & 
Waples 2004) and North Atlantic coast (Spitz et al. 2006), the Mediterranean (Blanco et al. 2001) and along 
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the Scottish coast (Santos  et al. 2001). All of these studies found bottlenose dolphins to feed on a large 
variety of prey species, but they all showed the dolphins to utilize certain species more than others, possibly 
in  response  to  local  prey  availability.  Bottlenose  dolphins  in  Florida  were  found  to  be  exclusively 
piscivorous, hunting alone and consuming solitary, sound producing fish that inhabit seagrass beds and their  
surrounds (Barros & Wells 1998).  Berens McCabe  et al.  (2010) found that these dolphins show specific 
selection for these soniferous fishes, (Berens McCabe et al. 2010). In the Western Mediterranean (Blanco et  
al. 2001) and the western North Atlantic (Spitz et al. 2006), Merluccius merluccius (hake) was found to be 
the  most  important  prey  species  numerically,  with  octopus  and  Loligo squids  as  the  most  important 
cephalopod prey species, respectively. 
The majority of these studies, however, examined the diet of  T. truncatus, and only scant information is 
available on the feeding ecology of T. aduncus. Two prior studies used stomach content analysis (Cockcroft 
& Ross 1990b;  Amir  et al. 2005), while one used regurgitated material of a single dolphin (Mizrahi  et al. 
2009) in this species. The results of these studies were similar to the ones found for T. truncatus in that the 
species mainly fed on fish and cephalopod prey.
Amir et al. (2005) found that T. aduncus off the coast of Zanzibar fed on over 50 species of bony fishes, as 
well as three species of cephalopods, with teleosts counting as the most important prey group in number  
(87%) as well as weight (83%). The long-tailed conger (Uroconger lepturus) was the most important fish 
species and the bigfin reef squid (Sepioteuthis lessoniana) was the most important squid species found in the 
stomach contents  of  these dolphins.  No significant  differences  in  prey choice between adult  males  and  
females or between juveniles and adults were found. There was a significant difference between the mean  
lengths  of  the  three  most  important  prey  species  between  adult  and  juvenile  dolphins,  with  juveniles  
targeting smaller fish (Amir et al. 2005).
Along the KZN coast in South Africa, Cockcroft and Ross (1990b) analysed stomach contents of T. aduncus 
caught in the shark-nets. They found 72 prey species in the stomachs, but six species (four teleost and two  
cephalopods) formed the majority of the diet.  The most important  teleost  species was the pinky grunter  
(Pomadasys olivaceum) and the most important cephalopod species was the cuttlefish (Sepia sp.). However, 
in contrast to Zanzibar, adult males in KwaZulu-Natal were found to take larger prey than females, and the  
different age groups were found to utilize different areas and depths when foraging. Cockcroft et al. (1990) 
noted  that  a  population  of  T.  aduncus in  the  Margate  area  had  learnt  to  poach  fish  from the  lines  of 
commercial and sports fishermen. Immature dolphins were seen regularly with an adult, indicating that this is 
a taught behaviour. This behaviour was not seen anywhere else along the coast-line (Cockcroft et al. 1990). 
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1.2.5 Conservation status
There is a need to determine the conservation status of  T. aduncus populations, particularly around areas 
where  human-induced  mortalities  or  disturbances  are  taking  place  (Wang  1999).  Due  to  their  coastal 
distribution  in  the  Indo-Pacific  regions  where  many  developing  countries  have  minimal  conservation 
legislation,  as  well  as  the  preference for  this  species  in  aquaria,  T.  aduncus is  especially  vulnerable  to 
exploitation and other anthropogenic threats (Wang 1999; Reeves & Brownell 2009). 
Currently T. aduncus is listed as “Vulnerable” in the South African Red Data Book (Friedmann & Daly 2004) 
and as “Data Deficient” by the International Union for the Conservation of Nature (IUCN) (Hammond et al. 
2008).  Cockcroft  et  al.  (1990) noted a general  decrease in sighting rates over the 1984-1988 period as 
compared to the earlier 1974-1978 period where aerial surveys were used. They suggested that this decline 
could have been caused by the continuing mortality in the shark nets that are set at the prime bathing beaches 
along the KZN coast (see Chapter 2). The average annual mortality of  T. aduncus  in these  shark nets is 
approximately  4%  of  the  total  population  size  in  KZN, which  is  double  the  number  (2%)  that  the 
International Whaling Commission (IWC) considered as the maximum sustainable capture rate for cetaceans 
(Cockcroft 1990). Cockcroft (1990) also noted a predominance of mature females and calves being caught in 
the nets, inhibiting population recovery.
Around the Solomon Islands, live capture of T. aduncus for trade to various captive facilities is one of the 
biggest threats to that population (Reeves & Brownell 2009). Currently the government of the Solomon 
Islands allows 80 individuals to be exported each year, but has plans to move that number up to 100 (Reeves  
& Brownell 2009). If the IWC rule of 2% maximum sustainable take of the population were to be followed,  
then  the  local  population  would  have  to  be  in  the  order  of  5,000  animals.  Current  knowledge  of  the  
population size around the islands shows that it is well below 5,000 (Reeves & Brownell 2009).
Other threats to  T. aduncus include the effects of boat based whale watching programs, direct capture for 
food as well as bycatch (Wang 1999; Bejder  et al. 2006). Bejder  et al.  (2006) studied the effects of eco-
tourism, in this case tour vessels,  allowing tourists  a close-up encounter with the wild population of  T.  
aduncus in Shark Bay, Australia. As the number of  tours increased, the abundance of dolphins decreased, 
while in adjacent areas the dolphin population increased, suggesting movement of some animals from the  
more disturbed regions away to areas of less boat traffic. This avoidance may cause a disruption of the social 
bonds through displacement. The repercussions of such disruptions are not known, but may be far reaching 
(Bejder et al. 2006).
In  many poorer  nations,  T.  aduncus still  represent  an  important  source  of  food and oil  for  the  coastal 
residents (Wang 1999). In Chinese and adjacent waters, bottlenose dolphins are caught for food, for display 
and also to reduce competition with the local fisheries. The large number of gillnets used by the Chinese  
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fishermen also pose a large threat to this population. As the taxonomy of the two forms of this dolphin is still  
under debate, and the previous report of mortality of each form is inconsistent and unreliable (Wang 1999), it 
is impossible to determine how many T. aduncus are killed or removed each year. 
When one considers these threats in addition to the problems of climate change and overexploitation, the 
need for conservation policies to be put into place for the T. aduncus species becomes clear. 
1.3 Effect of global climate change and fisheries on prey abundance
 At  present  two  of  the  major  challenges  facing  the  marine  environment  are  climate  change  and  
overexploitation (Pauly et al. 2000; Simmonds & Isaac 2007). The Earth’s climate has warmed by ca. 0.6 C⁰  
over the last 100 years, with the rate of warming since 1976 greater than that of any time in the last 1000 
years (Barker 2007). Human exploitation of the marine ecosystem, on the other hand, has been occurring for 
thousands of years, but since the advent of industrialized fishing after World War II, the sizes of the catches 
as  well  as  demand  has  increased  drastically  (Payne  &  Crawford  1995).  Both  climate  change  and 
overexploitation have the potential to alter the distribution, locality and abundance of the preferred prey 
species of cetaceans, and thus the distribution of cetaceans as well (Learmonth  et al. 2006;  Simmonds & 
Eliott  2009).  An animal's  ability  to  adapt  to  changes in  their  environment  will  determine their  survival 
(Simmonds  & Eliott  2009).  In  certain  upwelling  systems,  the  breeding  success  and  abundance  of  top 
predators are related to the availability of small, intermediate trophic level fish such as sardines (Sardinops 
sp.) and anchovies (Engraulis sp.) (Alheit & Hagen 2001). As the populations of such fish naturally fluctuate 
both temporally and spatially, the predators have developed a certain degree of flexibility in their behaviour 
(Pichegru et al. 2009). Both climate change and fisheries exploitation can increase the rate and scale of these  
fluctuations to a degree where the predators are not able to keep up (Pichegru et al. 2009).
1.3.1 Climate Change
Climate change is predicted to lead to impacts that are abrupt or irreversible, such as species loss  (Simmonds 
&  Eliott  2009). Increases  in  temperatures,  sea  level  rise,  and  changes  to  salinity,  acidity,  and  ocean 
circulation are just a few of the potential impacts that will affect the marine environment (Learmonth et al. 
2006;  Barker 2007 Simmonds & Eliott 2009). The effects of climate change on marine mammals can be 
either direct (e.g. changing temperature causing a change in the distribution of a species), or indirect (e.g. 
food stress due to a change in prey abundance and distribution) (Learmonth  et al. 2006; MacLeod 2009; 
Simmonds & Eliott 2009). An example of a range shift that has been linked to warmer temperatures can be 
seen in the near shore bottlenose dolphins (T. truncatus) off the Californian coast (Hanson & Defran 1993). 
During the 1982-83 El Niño event these dolphins extended their range northwards, and have remained in the  
new range, even after the warming event subsided. This has been thought to be due to a change in prey 
distribution triggered by warmer temperatures rather than directly due to temperature changes (Hanson & 
Defran 1993; Learmonth et al. 2006).
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The social  organization  of  animal  communities  can be disturbed by  changing environmental  conditions  
(Lusseau et al. 2003). Feeding behaviour as well as prey size and availability are factors which are thought to 
determine grouping behaviour of sympatric delphinids (Lusseau et al. 2004).  Lusseau et al. (2004) used a 
mean-field  model  to  determine  if  the  grouping  behaviour  of  two  delphinid  populations  (killer  whales 
(Orcinus orca) and bottlenose dolphins (Tursiops truncatus)) living in two different areas was related to food 
abundance and climate variability.  They found that  climate variability influences the salmon abundance, 
which in turn influences the group size of the dolphins. Both the salmon catch and dolphin group size were 
related to the North-Atlantic Oscillation,  with a two year lag phase.  This study shows how climate can  
indirectly influence the behaviour of cetaceans and may lead to bottom-up effects in marine ecosystems. It  
also demonstrated that the impacts of climate change on top predators may take years to be observed as they  
are indirectly influenced by these changes.
1.3.2 Overexploitation
Human exploitation may further exacerbate the effects of oceanic warming on fish populations (Walther et  
al. 2002). With more than 50% of global fish stocks listed as fully exploited, and 28% as depleted, excessive 
fishing pressure and the resulting worldwide decline in fish stocks and loss of marine biodiversity is a 
growing concern (FAO 2010). Pauly et al. (2000) used stable isotope analysis as well as trophic level 
estimates of the world fisheries and found an overall decline in the average trophic level of the catches of 
fisheries around the world over the last half-century. They found a global decrease from level 3.4 to 3.1 
(where 1 represents phytoplankton, and 4 represents a tertiary consumer) in just a few decades. 
In the Pacific Ocean, commercial fisheries target about 35% of the prey items sought by marine mammals, 
with the greatest overlap occurring with pinnipeds, dolphins, and porpoises (Trites  et al. 1997). However, 
most  of  the  key  species  that  make  up  the  diet  of  marine  mammals  in  the  Pacific  are  not  of  current  
commercial interest. In the eastern Ionian Sea in the Mediterranean, there has been a decline in short-beaked  
common dolphins (Delphinus delphis), as well as other large predatory fish over the last 30 to 40 years 
(Bearzi et al. 2006; Bearzi et al. 2008a). This decline, though poorly understood, is thought to be the result 
of prey depletion caused by overfishing of epipelagic fish, such as anchovies and sardines, which are key 
species in the diet of these predators (Bearzi et al. 2006; Bearzi et al. 2008). 
Generalist feeders, such as bottlenose dolphins (Tursiops sp.), are less likely to be affected by depletion of 
some prey species due to their high degree of social, behavioural, and dietary flexibility (Bearzi et al. 2005; 
Bearzi et al. 2006). This flexibility has resulted in many species exploiting fisheries target species for food,  
increasing the risk of entanglement in the fishing gear, as well as the risk of animals being shot or harassed  
by fishermen (Bearzi et al. 2008b).
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When global climate change and overexploitation are considered together with other threats such as chemical  
pollution, noise, and boat traffic, it can be expected that some deleterious effects will be found in the marine  
ecosystem.  Climate  induced  changes  in  the  environment  have  the  potential  to  affect  the  health  and 
productivity of an ecosystem (Harvell et al. 1999). Moreover, increases in water temperatures can change the 
transmission cycles of certain pathogens, as well as alter the distribution of vectors and reservoir species  
(Harley et al. 2006; Van-Bressem et al. 2009). Between 1990 and 1992 an outbreak of dolphin morbillivirus 
occurred in the Mediterranean, starting off the coast of Spain and ending off the coast of Turkey. The species 
most affected by this outbreak was the striped dolphin (Stenella coeruleoalba) (Van-Bressem et al. 2009). It 
is  thought  that  high  polychlorinated  biphenyl  (PCB)  loads  as  well  as  poor  nutritional  states,  due  to 
abnormally high sea temperatures and low rain fall the winter before the outbreak (affecting the productivity 
of the region) resulted in dolphins with suppressed immune systems (Van-Bressem et al. 2009). 
As the climate continues to change and overexploitation continues to deplete the oceans' stocks, it seems  
inevitable  that  cetaceans  will  have  to  adapt  to  these  changes  by  changing  their  feeding  strategies  and 
locations, and ultimately their target prey species.
1.4 Why is it important to monitor diet in marine mammals?
Dietary  studies  do  not  only  provide  information  on  the  biology  of  the  predator,  but  may  also  provide 
important  information  about  the  prey,  such  as  the  distribution  and  abundance,  seasonal  variation,  and 
sometimes the growth of the prey species (Pierce & Boyle 1991; Santos et al. 2001). The diving prowess and 
foraging strategies of the predator, as well as any potential competition between species or with fisheries can  
also be assessed (Pierce & Boyle 1991;  Santos  et al. 2001). When taking into account the effects global 
climate change and increasing fishing pressure has on prey species, it is important to understand its potential  
effects on the predator, e.g. will prey-switching occur, or will the animal change its distribution to follow 
their  original  prey (Sekiguchi  et al. 1992). Long-term studies are especially important in this respect  as 
changes in the predator society may be a result of changes lower in the food chain that have already occurred 
(Lusseau et al. 2003). However, long-term studies in cetaceans are scarce and often incomplete. Maintaining 
consistent and continuous observations across long time periods is expensive and logistically challenging. As 
bottlenose dolphins (Tursiops sp.) are considered opportunistic feeders, they are ideal candidates as their diet 
will likely represent the prey species composition in the areas they occur (Silva 1999). 
1.5 Purpose of this study
Since the 1970s a long-term collaboration has existed between the Port Elizabeth Museum (PEM) and the 
KwaZulu-Natal  Sharks  Board  (KZNSB)  whereby  samples  from  the  cetaceans  incidentally  caught  and 
drowned in the shark nets get accessioned to the Graham Ross Marine Mammal collection at the PEM. The 
last time the diet of  T. aduncus incidentally caught in the shark nets was examined was by Cockcroft and 
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Ross (1990b) who studied the stomach contents of net caught animals over the period 1975 to 1986. In view 
of  a  rapidly changing environment  due to  climate  change  and overexploitation as  discussed  above,  the 
unique availability of samples collected over almost four decades allows examination of temporal trends in 
the diet of this species. Thus the aims of this study are twofold:
1) To examine the diet of T. aduncus off the KZN coast by analysing the contents of 102 stomachs of 
dolphins (58 females;  44 males)  accidentally incidentally  caught  and drowned in the shark nets  
between 1985 and 2010. Comparison with results from previous studies will allow examination of 
any  long-term,  seasonal  and  distributional  differences  in  diet  as  well  as  allow  examination  of  
differences between the sexes and with ontogenetic stage. The null hypotheses are:
◦ There will be no difference between current (1985-2010) and historic (1975-1986) diet
◦ There will be no sex-based differences in the diet
◦ There will be no ontogenetic differences in the diet
◦ There will be no seasonal variation in diet composition
◦ There will be no distributional variation in diet composition
2) To study temporal patterns in the diet of these dolphins by analysing the stable carbon (δ13C) and 
nitrogen (δ15N) isotopes of teeth of dolphins caught in the shark nets between 1970 and 2010. This is 
to assess whether any trophic shifts in their diet have taken place over this time period. The isotopic  
signatures  of  different  tissues  from  an  individual  will  be  analysed  in  order  to  describe  any 
differences that occur and to create a reference for future studies. The null hypothesis is as follows:
◦ There will be no change in the isotopic ratios for carbon or nitrogen over the past 40 years in the  
teeth of T. aduncus
Both of these methods will enable us to determine  long term trends in the diet and feeding ecology of  T.  
aduncus in the coastal waters of KZN.
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Chapter Two
Diet and feeding patterns of Indian Ocean bottlenose dolphins, Tursiops 
aduncus, off the KwaZulu-Natal coast, South Africa
2.1 Introduction
2.2.1 Dietary studies and Tursiops sp.
Dietary  studies  do  not  only  provide  information  on  the  biology  of  the  predator,  but  may  also  provide 
important  information  about  the  prey,  such  as  their  distribution  and abundance,  seasonal  variation,  and 
sometimes the growth of the prey species (Pierce & Boyle 1991; Santos et al. 2001). In addition, competition  
between predatory species or, in the marine environment, with fisheries can furthermore also be assessed 
(Pierce & Boyle 1991; Santos et al. 2001). When taking into account the effects that global climate change 
and increasing fishing pressure has on prey species (Pauly  et  al. 2000;  Simmonds & Eliott  2009),  it  is 
important to understand how these factors will affect predator populations, e.g. will prey-switching occur, or  
will they be associated with distributional changes as predators follow shifts in prey distributions (Sekiguchi 
et al. 1992). Long term studies are particularly important in this regard as changes in predator numbers and 
species composition may be a result of changes lower in the food chain (Lusseau et al. 2003).
The bottlenose dolphin (Tursiops sp.) is the most comprehensively studied cetacean worldwide (Wells & 
Scott 1999;  Kastelein  et al. 2002). The species of dolphins have a very large distribution and is found in 
temperate and tropical  waters throughout the world (Wells & Scott  1999).  In South African waters two  
morphological  forms  are  recognised:  Tursiops  truncatus (Common  bottlenose  dolphin)  and  Tursiops  
aduncus (Indo-Pacific bottlenose dolphin,  also called the Indian Ocean bottlenose dolphin) (Best  2007). 
Despite the fact that these dolphins are well studied T. aduncus is listed as “Data Deficient” by the IUCN, 
and as “Vulnerable” in the South African Red Data Book (Hammond et al. 2008).
2.1.2 Previous research on the diet of bottlenose dolphins
The diet of bottlenose dolphins has been described in many regions worldwide e.g. KwaZulu-Natal (KZN), 
South Africa (Cockcroft & Ross 1990b), the US Pacific coast (Hanson & Defran 1993), Brazil (DeOliveira 
Santos et al. 2002), the Gulf of Mexico (Barros & Wells 1998; Gannon & Waples 2004) and Biscayne Bay 
(Spitz et al. 2006), the Mediterranean (Blanco et al. 2001) and the Scottish coast (Santos et al. 2001). Most 
of these studies, however, deal with  T. truncatus with minimal information on the feeding ecology of  T.  
aduncus. Two studies on T. aduncus used stomach content analysis (Cockcroft & Ross 1990b;  Amir  et al. 
2005) and one used regurgitated material of a single dolphin (Mizrahi et al. 2009). This lack of information 
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is  probably due  to  the  confusion regarding the taxonomy of  bottlenose dolphins,  with  T.  aduncus only 
recently having being accepted as a separate species (Wang 1999).
2.1.3 Methodological considerations in dietary studies
There are several methods available for studying diet in vertebrates, including direct observation, stomach  
content analysis, stable isotopes (discussed in more detail in Chapter 3), and fatty acid analysis (Pierce & 
Boyle 1991; Hall et al. 1995; Barros & Wells 1998). Direct observations are not always possible in cetaceans 
as much of the feeding takes place under water where the animals are difficult to observe. In such cases, the 
most reliable direct source of dietary information comes from stomach content analysis (Hall et al. 1995). By 
analysing stomach contents collected from dead animals, more complete information on dietary constituents 
can be provided than direct observations of foraging individuals (Walker & Macko 1999; Niño-Torres et al. 
2006). This method is able to provide a short-term record of the feeding habits of an animal as the last prey  
items consumed prior to death can be identified (Barros & Wells 1998), and has been used in documenting 
and  understanding  the  diets  of  numerous  cetacean  species,  including  short-  and  long-beaked  common 
dolphins  (Delphinus  delphis  and  D.  capensis) (Young  & Cockcroft  1994;  Silva  1999; Ambrose  2010), 
harbour porpoises (Phocoena phocoena) (Spitz et al. 2006), long-finned pilot whales (Globicephala melas) 
(Gannon  et al. 1997), humpback dolphins (Sousa chinensis) (Barros  et al. 2004), and bottlenose dolphins 
(Tursiops sp.) (Cockcroft & Ross 1990b; Santos et al. 2001; Amir et al. 2005). Caution should, however, be 
used when interpreting the diet of stranded animals, as these animals are often sick, and stomach contents  
may not be representative of the population of origin (Kaschner et al. 2006). Their diet may also be an over 
representation of coastal prey species as they move closer inshore (Sekiguchi  et al. 1992;  Kaschner  et al. 
2006). In this respect, stomach contents from the net-caught animals used in this study are very valuable as 
the animals are assumed to be healthy and their diet is therefore assumed to be representative of the normal  
diet of T. aduncus in this region.
As stomach content analysis relies on the identification of prey items found in the digestive tract, prey are 
usually partially digested, making identification difficult (Todd et al. 1997). The use of hard parts, such as 
otoliths and cephalopod beaks, helps to facilitate the identification of otherwise unidentifiable prey items, as  
well as being useful in determining the original size of the prey items (Santos et al. 2001). The usefulness of 
otoliths and beaks for fish and cephalopod identification has been realized since the 1860s and since then 
various identification keys and guides have been published to facilitate hard-part identification e.g. Smale et 
al. (1995) and Clarke (1986). These guides and reference collections have greatly improved dietary studies 
(Pierce & Boyle 1991). However, there are several problems that need to be considered when interpreting the 
stomach content data. Different types of prey get digested at different rates, and prey that might take a longer 
time to pass through the digestive tract will tend to be over-represented (Pierce & Boyle 1991; Santos et al. 
2001).  In particular  this  can be seen with cephalopod beaks,  which are more resilient  to digestion than 
otoliths and thus tend to accumulate in the stomach (Hyslop 1980). Therefore, identified prey items in the 
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stomach may not all originate from a single foraging event  (Sekiguchi  et al. 1992). Ross (1979), however, 
estimated the gut passage time for Tursiops sp. to be about 48hrs, and found that more than two thirds of the 
ingested cephalopod beaks had been egested within 22 hours of feeding. This suggests that any hard parts  
found in the stomach of a dolphin will represent only the prey consumed during the last few foraging bouts 
of that individual. 
A second problem in terms of using stomach contents to study diet lies with prey species that have small,  
fragile  or  no hard parts,  which makes them hard to  detect  (Pierce & Boyle  1991;  Santos  et  al. 2001). 
Otoliths,  as  well  as  being species  specific,  are  also the last  part  of  the fish to be digested,  as they are  
protected  by the skull.  However,  they  are  largely  made up  of  calcium carbonate,  and  therefore  can be  
degraded by the chemical and mechanical processes involved in digestion (Granadeiro & Silva 2000). The 
degree of erosion is often species- and size- specific, which may bias the analysis in favour of species with  
large, robust hard parts (Bowen 2000). Cephalopod beaks are more resistent to digestive chemicals (Hall et  
al. 1995; Santos et al. 2001). Therefore any otoliths found in good condition in a stomach would represent  
prey consume soon prior to death. Secondary ingestion may also be a source of bias, as some of the remains 
found may have come from the gut of the ingested prey (Santos et al. 2001).
2.1.4 Dolphin catches in shark nets
KZN, on the East coast of South Africa, is currently one of three areas in the world that have long-standing  
shark control programs (Cliff & Dudley 2011). This program was started in 1952 in Durban after 21 shark 
attacks  between  1942  and  1951,  and  makes  use  of  large  mesh  gillnets  and/or  baited  lines  (known  as 
drumlines) placed directly off the popular swimming beaches (Davis et al. 1995). The function of the nets is 
to reduce the possibility of encounters between swimmers and sharks by reducing the population of sharks in  
the area (Davis et al. 1995). These nets, set approximately 500 m offshore in waters between 10 and 14 m 
deep,  are  made of  polyethylene braid,  and are  each 214 m long and 6.3 m wide.  They do not  form a  
continuous barrier and allow animals to move around, over and under the nets. In 1992 the deployment of the 
nets was at its maximum with 45 km of netting protecting 44 prime beaches (Cliff & Dudley 2011). Since 
then there has been a reduction by which, at smaller beaches, the nets have been permanently removed or  
replaced by drumlines (Cockcroft 1992). There are now just over 27 km of nets along the coast line (Cliff & 
Dudley 2011).
Unfortunately there are a number of harmless species that are caught incidentally by the nets,  including 
Indian Ocean bottlenose dolphins (T. aduncus), Indo-Pacific hump-back dolphins (S. chinensis) and long-
beaked common dolphins (D. capensis), as well as some turtle and ray species. Concern that these catches 
might lead to a population decline in these species has resulted in the deployment of various methods to  
reduce bycatch, such as the installation of pingers (sound producing devices), sonar reflecting floats, and the 
raising of the nets during the annual sardine run (Cliff & Dudley 2011; KZN Sharks Board 2011). There have 
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been mixed results concerning the efficacy of the pingers, with  S. chinensis and  T. aduncus often being 
caught within 10 m of the pinger, suggesting that they might have been attracted to it (Cliff & Dudley 2011).  
In Richards Bay, the pingers have since been replaced by whale alarms (a loud acoustic alarm) to try and 
reduce the number of dolphins that are caught. However initial results have shown that they have not had the  
desired effect (Cliff & Dudley 2011). It has been cautioned that prolonged exposure to the sound may cause 
habituation, and some dolphins might start to associate the sound of the pingers with nets that may have fish 
aggregating around them, the so called 'dinner bell' effect (Cox  et al. 2003;  Read et al. 2003;  Gazo et al. 
2008). Over the 11 years that the small sonar reflecting floats were deployed, more bottlenose dolphins were  
caught than without the presence of the floats (Cliff & Dudley 2011). Every year, during the winter months 
of June and July, the sardine run takes place, during which large shoals of sardine (Sardinops sagax) enter 
KZN waters and move up the coastline (Vander Lingen et al. 2010). The shark nets are removed during the 
sardine run to prevent bycatch of the predators that usually follow the sardine shoals (KZN Sharks Board 
2011). These measures as well as the removal of nets from certain beaches have decreased the number of  
cetaceans that get caught (Cliff & Dudley 2011).
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Fig. 2.1: Netted beaches on the KwaZulu-Natal coast: Numbers in parentheses are the year the net was installed, the  
second/third number show how many nets/drumlines are used respectively. The total length of netting is currently 27  
km (KZN Sharks Board 2002).
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The  captures  of  T.  aduncus in  the  shark  nets  show significant  inter-annual,  seasonal  and  age  specific 
variation  (Cockcroft 1990). An average of 23  T. aduncus were caught each year between 2005 and 2009 
(KZN Sharks Board 2011), the majority of which occurred during the winter and spring months (May to 
October). Capture risk is, for obvious reasons, associated with the distribution of these dolphins, which in  
turn is linked to water temperature and clarity (Cockcroft 1992; KZN Sharks Board 2011). Both of these are 
strong influencing factors in the distribution and abundance of the prey species of  T. aduncus (Cockcroft 
1992). Cockcroft and Ross (1990b) raised concerns that the continued high rate of mortality of bottlenose 
dolphins in the nets, especially with the high rate of capture of mature females and calves, may impact on the 
population status. The average annual catch of bottlenose dolphins over the period 1980-1988 reached 4 % of 
the population size (Cockcroft 1990), higher than the 2 % considered the maximum sustainable yield for  
cetaceans by the IWC. However, between 1981 and 2006, the catch rates of  T. aduncus has remained the 
same, possibly suggesting that their population has remained stable (Cockcroft 1990). These catches in the 
nets,  though  regrettable,  present  a  unique  opportunity  to  examine  stomach  content  samples  from wild, 
presumed healthy animals from the South African coast  line and thus should be utilised to the greatest  
possible potential.
2.1.5 Aim of this study
The aim of this study was to quantify the diet of T. aduncus off the KZN coast by analysing the contents of 
102 stomachs of Indian Ocean bottlenose dolphins (58 females; 44 males) accidentally caught in the shark  
nets between 1985 and 2010. Temporal (seasonal and annual), spatial- and sex-specific differences in the diet  
were assessed as were differences between juveniles and adults. As the diet of T. aduncus along the eastern 
coastline of South Africa has not been studied since 1990, a further aim of this study was to analyse any 
temporal patterns in the diet of these dolphins over the last four decades by comparing the results from the 
present study to those of the previous study by Cockcroft and Ross (1990b).
2.2 Materials and Methods
2.2.1 Stomach content analysis
All stomachs analysed in this study originate from T. aduncus specimens incidentally caught and drowned in 
shark nets along the KZN coastline between 1985 and 2010 (Appendix 1). The shark nets are serviced on 
average five times a week (every weekday), weather permitting, and any live animals are released, while  
dead animals  are  removed and brought  back to  the  KZN Sharks  Board (KZNSB).  These animals  were  
identified to species level, weighed, measured and frozen awaiting further analysis at a later stage. PEM staff 
visit the KZNSB twice a year as part of a long-standing agreement to perform necropsies and take samples to 
be accessioned to the Graham Ross Marine Mammal collection at PEM.
During the necropsies, stomachs of the dolphins with the oesophagi still attached, were removed, weighed 
and frozen in labelled plastic bags until further processing. For stomach content analysis, thawed stomachs 
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were weighed again to the nearest gram and then cut open, first along the oesophagus, then across the first  
stomach, and finally along the second stomach. The stomach contents were washed into a plastic container,  
and  the  stomach was  thoroughly  rinsed  under  running  water  to  ensure  that  no  otoliths  or  squid  beaks 
remained attached. The empty stomachs were then weighed and discarded. Whole prey items were rinsed  
and removed. Where possible they were identified, measured, and weighed. The remaining stomach contents  
were washed through a 1 mm sieve and this process was repeated. All otoliths were removed from intact fish  
and skulls. The otoliths were then cleaned and allowed to dry before storing. All cephalopod beaks were  
removed from the bucal  cavity of whole cephalopods,  were washed and stored in propanol.  Eighty one 
stomachs  (43 females;  38 males),  from dolphins caught  between 2000 and 2010 were processed in this 
manner. A further 21 stomachs (15 females; six males), from 1985 to 1999, the contents of which had been 
stored in alcohol, were washed and all otoliths and cephalopod beaks were collected. The results for these 19 
stomachs were included in the overall dietary composition analysis, but were treated separately during the 
comparative analysis with Cockcroft and Ross (1990b). A sub-sample of the stomach contents analysed by 
Cockcroft and Ross (1990b) were re-analysed in order to confirm consistency in the identification between 
the present  study and the former.  For  further  analysis  the  dolphins  were classified as  adults  (>230cm),  
juveniles (>160<230cm) or calves (<160cm) according to their total length (Ross 1979; Cockcroft & Ross 
1990; Cheal & Gales 1992), and the females were separated into lactating and non-lactating individuals.
Otoliths and cephalopod beaks were identified to the lowest possible taxonomic level using the reference  
collections at the PEM and published guides (Clarke 1986; Smale et al. 1995). Otolith fragments or otoliths 
that were too eroded to identify were labelled as unknown. The remaining otoliths were measured to the 
nearest 0.1 mm across their greatest dimension. Lower rostral length (LRL) was measured for all cephalopod  
beaks, except those from octopods and sepiids, for which the lower crest length (LCL) was taken. 
For each stomach, the maximum number of either left or right otoliths was assumed to reflect the minimum 
number of fish prey in the stomach, while the maximum number of either upper or lower beaks represented 
the number of cephalopod prey. Weight and length of the prey species was determined using established 
regression equations  relating total  fish length and weight  to  otolith  greatest  dimension,  and cephalopod 
weight and mantle length to beak dimensions (Clarke 1986; Smale et al. 1995). The calculated weight of all 
prey items found in each stomach were summed in order to calculate a reconstituted weight of prey species  
per stomach.
2.2.2 Statistics
For the purpose of this study, the KZN coast was divided into three sections according to Cliff et al. (1989) 
who found that there are two uniform temperature regions connected by a non-uniform transitional region:  
the warm northern region spans from Richard’s Bay to Park Rynie, the transitional region (termed here as 
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upper south) from Ifafa to Umtentweni and the cooler southern region (lower south) from St. Michaels-on-
the-Sea to Mzamba. 
The four seasons were defined as follows: summer (December - February), autumn (March - May), winter  
(June – August) and spring (September – November).
Four indices, calculated according to Pinkas et al. (1971), were used to determine the occurrence and relative 
importance of the prey found in the stomachs. 
The first index, the percentage by number (%N), is the measure of the numerical abundance of each prey  
species (%Ni) in the diet expressed as:
%Ni = Nij / Nj x 100
where Nij is the number of prey species i in stomach j and Ni is the total number of prey in stomach j.
The second index is the percentage frequency of occurrence (%FO) defined as the measure of the frequency 
of occurrence of a prey species in the diet (i.e. the percentage of stomachs containing a given prey item):
% FOi = Fij / Fj × 100
where Fij  is the number of stomachs j  containing prey i, and Fj is the total number of stomachs containing 
prey. 
The third index, the percentage by mass (% M), is the weight of each prey species (% M i) in the diet:
% Mi = Mij / Mj × 100
where Mij is the estimated weight of prey i in stomach j and Mj is the estimated weight of all prey in stomach 
j. 
Finally an index of relative importance (IRI) was calculated for each species according to  Pinkas et  al. 
(1971):
IRI = (%N + %M) x %FO
The use of the IRI was specifically for comparative purposes between this study and Cockcroft & Ross' 
(1990b).  The  statistical  package  Primer  6  was  used  to  determine  the  similarity  in  prey  items  between 
different time periods, geographical locations and demographic groups. This was done through the use of a 
multi-dimensional scaling analysis (MDS) and analysis of similarity (ANOSIM). A species accumulation 
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curve was also calculated using Primer 6. Statistica (Version 7.0) was used to perform t-tests and Mann-
Whitney tests to compare prey size between males and females.
2.3 Results
2.3.1 Prey species composition
Of the 102 (58 females, 44 males) stomachs collected, seven were empty, one of which belonged to a calf  
and contained only milk remains. These stomachs were excluded from the analysis. A total of 94 different  
prey species from 37 families were identified in the remaining stomachs (Table 2.1). Of the fish remains, 54  
could be identified to species level (three of which belonged to the subclass Elasmobranchii) and 17 to genus 
level,  in  total  representing  32  families.  Four  species  of  squid,  three  octopods  and  two  cuttlefish  were 
identified, representing five different families of cephalopods. Teleosts made up the most important prey  
group in both numbers and weight, constituting 84 % and 67 %, respectively, while cephalopods made up  
15 % of the number and 30 % of the weight of the total prey items (Table 2.1). 
2.3.2 Prey importance
Six prey species contributed more than 60% of the weight of all prey species in the diet. These species are 
the  most  important  according  to  their  calculated  IRI  score  and  are,  in  order  of  importance:  Sepia  sp. 
(cuttlefish),  Pomadasys  olivaceum  (piggy),  Trachurus  delagoa  (maasbanker),  Scomber  japonicus  
(mackerel),  Loligo  sp (squid) and  Pagellus bellottii natalensis  (pandora or red tjor-tjor). Due to the high 
calculated importance (IRI), as well as the high numerical percentage (%N), percentage frequency (%FO)  
and percentage mass (%M) of these six species (Table 2.1), they were used for the comparison of the diet of  
males and females, as well as between adults and juveniles. Twenty-three prey species out of the total 94 
prey species only appeared once in the stomachs of the studied dolphins, and as a result had very low IRI  
values (Table 2.1).
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Table 2.1: Prey of T. aduncus off the KwaZulu-Natal coast between 1985 and 2010. N=Numerical abundance; FO=Frequency of occurrence; M=Mass; IRI=Index of relative 
importance. Highlighted species indicate most important species in the diet.
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Name Common name N FO M %N %FO %M IRI
2 1 3200.00 0.08 0.21 1.00 0.23
Milk shark 2 2 3227.00 0.08 0.43 1.01 0.47
5 4 1862.00 0.20 0.86 0.58 0.67
1 1 431.00 0.04 0.21 0.13 0.04
Conger 13 6 1601.79 0.51 1.29 0.50 1.30
Conger 1 1 37.52 0.04 0.21 0.01 0.01
Conger 1 1 29.46 0.04 0.21 0.01 0.01
Conger 3 3 285.27 0.12 0.64 0.09 0.13
Conger 9 5 1899.53 0.35 1.07 0.59 1.02
Southern conger 2 2 59.93 0.08 0.43 0.02 0.04
Moray eel 1 1 88.71 0.04 0.21 0.03 0.01
6 1 433.86 0.23 0.21 0.14 0.08
Red-eye round herring 2 1 60.60 0.08 0.21 0.02 0.02
Southern African pilchard 14 2 1191.89 0.55 0.43 0.37 0.40
Whitehead's round herring 1 1 37.48 0.04 0.21 0.01 0.01
5 2 882.88 0.20 0.43 0.28 0.20
1 1 2.84 0.04 0.21 0.00 0.01
24 2 163.91 0.94 0.43 0.05 0.43
5 3 443.54 0.20 0.64 0.14 0.22
Catfish 2 1 177.42 0.08 0.21 0.06 0.03
1 1 495.89 0.04 0.21 0.16 0.04
17 3 1508.03 0.67 0.64 0.47 0.73
11 1 6366.08 0.43 0.21 1.99 0.52
Flathead 2 2 177.42 0.08 0.43 0.06 0.06
Flathead 1 1 495.89 0.04 0.21 0.16 0.04
Slender glassy 1 1 13.36 0.04 0.21 0.00 0.01
Bass 2 2 991.78 0.08 0.43 0.31 0.17
1 1 382.03 0.04 0.21 0.12 0.03
17 8 294.95 0.67 1.72 0.09 1.30
1 1 11.01 0.04 0.21 0.00 0.01
Condrichthyes
Mustelus mosis Hardnose houndshark
Rhizoprionodon acutus
Rhinobatos sp. Guitarfish
Rhinobatos leucospilus Grey spotted guitarfish
Teleost Fishes
Congridae*
Congridae A*
Congridae B*
Ariosoma sp.
Conger cinereus
Gnathophis capensis
Muraenidae*
Sardinella sp. Sardinella
Etrumeus teres
Sardinops ocellatus
Etrumeus whiteheadi
Hilsa kelee* Kelee shad
Thryssa sp.* Thryssa
Thryssa setirostris Longjaw thryssa
Thryssa vitrirostris* Orangemouth anchovy
Galeicthys sp.
Brotula multibarbata Goatsbeard brotula
Cheilopogon furcatus* Spotfin flyingfish
Cheilopogon pinnatibarbatus altipennis Smallhead flyingfish
Cociella sp.*
Platycephalidae*
Ambassis natalensis*
Serrenidae
Epinephelus andersoni Catface grouper
Apogon sp. Cardinalfish
Apogonidae sp. A Cardinalfish
Name Common name N FO M %N %FO %M IRI
1 1 6.56 0.04 0.21 0.00 0.01
Elf 45 11 14348.84 1.76 2.36 4.49 14.76
Grunter 1 1 22.39 0.04 0.21 0.01 0.01
Spotted grunter 6 4 4471.85 0.23 0.86 1.40 1.40
645 47 15063.49 25.24 10.09 4.72 302.18
Striped grunter 21 9 731.28 0.82 1.93 0.23 2.03
2 1 548.99 0.08 0.21 0.17 0.05
1 1 123.85 0.04 0.21 0.04 0.02
3 3 152.41 0.12 0.64 0.05 0.11
44 14 6797.27 1.72 3.00 2.13 11.57
Pandora 289 33 10956.32 11.31 7.08 3.43 104.39
1 1 77.26 0.04 0.21 0.02 0.01
9 4 651.24 0.35 0.86 0.20 0.48
1 1 104.29 0.04 0.21 0.03 0.02
30 8 3882.36 1.17 1.72 1.22 4.10
23 3 2415.05 0.90 0.64 0.76 1.07
Striped silver biddy 2 1 177.42 0.08 0.21 0.06 0.03
31 2 6501.82 1.21 0.43 2.04 1.39
18 2 1392.45 0.70 0.43 0.44 0.49
1 1 495.89 0.04 0.21 0.16 0.04
3 3 67.04 0.12 0.64 0.02 0.09
23 1 161.31 0.90 0.21 0.05 0.20
3 2 8316.21 0.12 0.43 2.60 1.17
7 6 2490.95 0.27 1.29 0.78 1.36
1 1 115.49 0.04 0.21 0.04 0.02
9 5 101.23 0.35 1.07 0.03 0.41
3 3 1265.00 0.12 0.64 0.40 0.33
69 2 2017.26 2.70 0.43 0.63 1.43
Mackerel scad 5 2 612.99 0.20 0.43 0.19 0.17
429 33 36677.68 16.79 7.08 11.48 200.22
Horse mackerel 2 1 232.81 0.08 0.21 0.07 0.03
2 1 612.17 0.08 0.21 0.19 0.06
Apogonidae sp. B Cardinalfish
Pomatomus saltatrix
Pomadasys sp.
Pomadasys commersonnii
Pomadasys olivaceum Pinky grunter
Pomadasys striatum
Dinoperca petersi Lampfish
Porcostoma Dane seabream
Crenidens crenidens Karanteen seabream
Diplodus sargus capensis Cape white seabream
Pagellus bellottii natalensis
Pterogymnus laniarius Panga seabream
Rhabdosargus sarba Goldlined seabream
Rhabdosargus thorpei Bigeye stumpnose
Sarpa salpa Salema porgy
Monodactilus falciformis Cape moonie
Gerres methueni
Mullidae* Goatfish
Upeneus vittatus Yellowstriped goatfish
Parupeneus cyclostomus* Gold-saddle goatfish
Argyrosomus thorpei Squaretail kob
Atrobucca nibe Blackmouth croaker
Otolithes ruber* Tigertooth croaker
Umbrina ronchus Fusca drum
Leiognathus equula Slipmouth
Secutor insidiator* Pugnose ponyfish
Carangidae*
Gazza minuta Toothpony
Decapterus macarellus
Trachurus delagoa South African maasbanker
Trachurus trachurus
Chirodactylus Fingerfish
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Name Common name N FO M %N %FO %M IRI
Dusky sweeper 2 2 28.25 0.08 0.43 0.01 0.04
Mullet 3 2 1487.66 0.12 0.43 0.47 0.25
Mullet 5 1 2479.44 0.20 0.21 0.78 0.21
Flathead mullet 6 4 2483.54 0.23 0.86 0.78 0.87
Robust mullet 4 2 1983.55 0.16 0.43 0.62 0.33
30 7 14876.63 1.17 1.50 4.66 8.76
Diamond mullet 9 4 4462.99 0.35 0.86 1.40 1.50
Grooved mullet 7 1 3471.22 0.27 0.21 1.09 0.29
Barracuda 19 8 1422.57 0.74 1.72 0.45 2.04
1 1 495.89 0.04 0.21 0.16 0.04
9 5 1972.13 0.35 1.07 0.62 1.04
Chub mackerel 160 28 38236.07 6.26 6.01 11.97 109.55
Flowery flounder 2 1 177.42 0.08 0.21 0.06 0.03
2 2 139.20 0.08 0.43 0.04 0.05
2 2 29.94 0.08 0.43 0.01 0.04
Sole 1 1 209.74 0.04 0.21 0.07 0.02
Mud sole 1 1 17.48 0.04 0.21 0.01 0.01
Squid 189 43 11925.03 7.40 9.23 3.73 102.71
Deep sea squid 10 1 388.41 0.39 0.21 0.12 0.11
Octopus 10 10 72.38 0.39 2.15 0.02 0.89
Octopus 3 1 20.08 0.12 0.21 0.01 0.03
Common octopus 1 1 15.51 0.04 0.21 0.00 0.01
Neon flying squid 2 2 29.71 0.08 0.43 0.01 0.04
Cuttlefish 1 1 32.64 0.04 0.21 0.01 0.01
Cuttlefish 159 44 83465.19 6.22 9.44 26.13 305.48
Cuttlefish 4 2 198.13 0.16 0.43 0.06 0.09
Squid 4 6 78.92 0.16 1.29 0.02 0.23
Unknown F
Unknown* 11 6 412.71 0.43 1.29 0.13 0.72
Unknown A* 1 1 37.52 0.04 0.21 0.01 0.01
Unknown B* 3 1 112.56 0.12 0.21 0.04 0.03
Pempheris adusta
Valamugil sp.*
Mugilidae sp.
Mugil cephalus
Valamugil robustus*
Valamugil seheli* Bluespot mullet
Liza alata*
Liza dumerilii*
Sphyraena acutipinnis
Sphyraena jello* Pickhandle barracuda
Trichiurus lepturus Largehead hairtail
Scomber japonicus
Bothus mancus*
Cynoglossus attenuatus Fourline tonguesole
Cynoglossus capensis Sand tonguefish
Soleidae
Austoglossus pectoralis
Cephalopods
Loligo sp.
Lycoteuthis diadema
Octopus sp.
Octopus sp. B
Octopus vulgaris
Ommastrephes
Sepia accuminata
Sepia sp. A
Sepia sp. B
Sepiolid
*No regressions available, length and mass estimated. 
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Fig. 2.2: Species accumulation curve for prey species from stomach contents of T. aduncus caught in the shark nets off 
KwaZulu-Natal between 1985 and 2010 (max = 113.29).
The species accumulation curve (Fig. 2.2) was calculated to determine whether the sample size was large  
enough to give an accurate representation of the diet of T. aduncus in this study. Fewer species are added to 
the diet with increasing sample size, leading to the curve reaching an asymptote. The curve  in the species 
accumulation  plot  appears  to  be  nearing  an  asymptote  when  approximating  our  full  sample  size.  The 
Michaelis Menton test predicted the maximum number of species as 113.29, 20 species higher than that  
observed in the stomach contents during this study. This suggests that the sample size analysed during this 
study  while  representing  a  large  portion  of  the  diet,  is  not  quite  large  enough  to  give  an  accurate  
representation of the diet of T. aduncus off the coast of KZN.
2.3.3 Temporal changes
The above mentioned six prey species were also found to be the most important species in bottlenose dolphin  
diets between 1976 and 1986 (Cockcroft & Ross 1990b). The importance of maasbanker (T. delagoa) has 
increased dramatically, while that of piggy has halved in the last ten years (Table 2.2). Of the four remaining 
species, all increased in importance, except cuttlefish, which decreased in importance. Between 1985 and 
1999, the importance of mackerel was very small (0.1% IRI), while that of sardine (Sadinops sagax) (1.2% 
IRI) was higher than for maasbanker (1% IRI) (Table.2.2). 
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Table 2.2: %IRI values for the six most common species divided into three time periods. The data for 1975-1986 are 
from Cockcroft & Ross (1990b).
Species name Common Names 1975-1986 1985-1999 2000-2010
Trachurus delagoa Maasbanker 4% 1% 20%
Pomadasys olivaceum Piggy 45% 43% 22%
Pagellus bellottii Pandora 5% 0.2% 11%
Scomber japonicus Chub mackerel 6% 0.1% 11%
Sepia sp. Cuttlefish 26% 24.5% 17.5%
Loligo sp. Squid 3% 8% 8%
2.3.4 Differences in diet between demographic groups
The species composition of the diet of male and female bottlenose dolphins during the current investigation 
were very similar as demonstrated in the MDS plot (Figure 2.3). ANOSIM tests furthermore indicated no 
significant difference in diets between male and female dolphins (Global R = 0.022; p = 0.137) (Table 2.4).  
One-tailed t-tests showed no significant difference between the mean weights of the six most important prey  
species found in the stomachs of the two sexes (Table 2.3; Fig. 2.4), suggesting little or no sex-specific  
resource partitioning. Male dolphins appeared to prey slightly more on mackerel than their female counter 
parts (15 % of diet in males and 9 % in females, respectively). A larger diversity of prey items was found in  
female stomach samples (62 species in males and 70 species in females), possibly a result of their larger 
sample size.
Fig. 2.3: MDS ordination using species composition of diet of male (blue) and female (green) T. aduncus caught in the 
shark nets off the KwaZulu-Natal coast between 1985 and 2010. M=male; F=female.
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Fig. 2.4:  Dominant prey species (%mass) in the diet of male (top) (n=44) and female (bottom) (n=58)  T. aduncus 
incidentally caught in the shark nets off the KwaZulu-Natal coastline between 1985 and 2010.
A high degree of overlap in the diet of juveniles and adults was evident based on the MDS ordination (Fig.  
2.5). The ANOSIM test, however, indicated a significant difference in the diet composition between the two 
age groups (Global R = 0.061; p = 0.016) (Table 2.4). Cuttlefish was the most important species in the diet of 
both adult and juvenile  T. aduncus. However, the %M values for cuttlefish in the diet of juveniles were 
higher  than that  for  adults,  indicating that  cuttlefish play a  more important  role  in  the  diet  of  juvenile  
dolphins (22 %M in the diet of adults and 32 %M in juveniles). Juvenile dolphins also eat a larger proportion  
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of piggy than adults (Fig. 2.6). Despite these differences, there was no significant difference in the average  
weights  of  the  six  most  important  prey  species  eaten  by  juveniles  and  adults  respectively  (Table  2.3).  
However, adults tend to take a larger diversity of prey species than juveniles (71 prey species in adults and  
56 in juveniles), possibly a function of differing sample sizes.
Fig. 2.5: MDS ordination of species composition in diet in adult (green) and juvenile (blue) T. aduncus caught in the 
shark nets off KwaZulu-Natal between 1985 and 2010.
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Fig. 2.6:  Dominant prey species (%mass) in the diet of adult (top) (n=58) and juvenile (bottom) (n=42)  T. aduncus 
incidentally caught in the shark nets off the KwaZulu-Natal coastline between 1985 and 2010.
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Table  2.3:  Significance  values of  T-tests  comparing  the  average  weights  of  the  six  most  abundant  prey  species 
consumed by male and female, and juvenile and adult T. aduncus incidentally caught in the shark nets off the KwaZulu-
Natal coastline between 1985 and 2010.
Species P value (Males vs. Females) P value (Juveniles vs. Adults)
Pomadasys olivaceus 0.32 0.83
Pagellus bellottii natalensis 0.06 0.96
Scomber japonicus 0.43 0.42
Trachurus delagoa 0.2 0.98
Loligo sp. 0.38 0.17
Sepia sp. 0.51 0.07
2.3.5 Seasonal and spatial variations in diet
Season did not have a significant effect on the diet of T. aduncus (Global R = 0.042; p = 0.082) (Table 2.4), 
which is also evident from the high degree of overlap in the MDS ordination (Fig. 2.7). Despite overlap in  
diet between locations as demonstrated in the MDS plot (Fig. 2.8), the ANOSIM test showed a significant  
difference in the diet of the dolphins between locations (Global R =0.121; p = 0.01) (Table 2.4) with the  
largest difference between the north (n=75) and lower south (n=16) coasts (p=0.004). Nine prey species 
appear in the diet of dolphins caught off the lower south coast which do not appear in the diets of dolphins 
from the north coast. Cuttlefish make up 33 % of the diet, while both maasbanker and pandora contributing  
less than 1% for the lower south coast (Fig. 2.9). 
Table 2.4: Global R and significance values for ANOSIM test comparing the diet of T. aduncus from KwaZulu-Natal 
according to season, sex, age class and location. Numbers in red indicate significance.
Variable Sample statistic/Global R Significance of sample statistic
Sex 0.013 0.22
Age class 0.061 0.02
Season 0.045 0.07
Location 0.121 0.01
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Fig. 2.7: MDS ordination of species composition of the diet during different seasons of T. aduncus caught in the shark 
nets off KwaZulu-Natal between 1985 and 2010. 1 = Summer (Dec-Feb); 2 = Autumn (Mar-May); 3 = Winter (Jun-
Aug); 4 = Spring (Sep-Nov).
Fig. 2.8: MDS ordination of species composition of diet in different locations along the KwaZulu-Natal coast of  T. 
aduncus caught in the shark nets off KwaZulu-Natal between 1985 and 2010. N = North coast; US = Upper South 
coast; LS = Lower South coast.
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Fig. 2.9: %Mass of dominant prey species of T. aduncus caught in the shark nets off the north (top) (n=75) and lower 
south (bottom) (n=16) coasts, KwaZulu-Natal.
2.4 Discussion
This study indicated that  T. aduncus from the KZN coastline target a large variety of prey (more than 94 
species), from several different habitats. Despite this, six species make up the bulk of the diet, and are the  
most relevant for temporal and spatial comparative purposes. Minimal prey partitioning was evident between 
the two sexes, while there was a significant difference in the prey consumed between juveniles and adults,  
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particularly in terms of reliance on cuttlefish. Location had a significant effect on diet composition however,  
with the most notable difference found between the north and the lower south coasts. 
2.4.1 Diet composition
Of the 94 prey species identified in the stomach contents of the dolphins in this study, six species, (four  
teleost  fishes and two cephalopod species),  formed the bulk of the diet.  The four teleost species are all  
abundant  inshore,  shoaling species  (Mann 2000;  Branch  et  al. 2005).  The two cephalopods are  pelagic 
species and were regularly seen around the shark nets (Cockcroft & Ross 1990b), however it is unknown if  
this still occurs. Cuttlefish are also common in sheltered lagoons and estuaries (Branch et al. 2005). These 
same six species were the major constituents of the diet of  T. aduncus caught in the shark nets off KZN 
between 1975 and 1986 (Cockcroft & Ross 1990b). Amir et al. (2005) described the diet of 26 T. aduncus 
incidentally caught in gillnets off the coast of Zanzibar and also showed teleosts to be the most important  
food  source  for  these  dolphins.  The  four  most  important  prey  species,  of  the  50  bony  fish  and  three 
cephalopod species found in their study, were Uroconger lepturus (slender conger), Synaphobranchus kaupii  
(cut-throat eel), Apogon apogonides (plain cardinalfish) and Sepioteuthis lessoniana (bigfin reef squid). All 
of these species are found in reefs and soft bottom habitats.
Two of the fish species found in the diet  of  T. aduncus  in the current  study, the maasbanker and chub 
mackerel, are pelagic shoaling fish, while one of the remaining two, the piggy, inhabits inshore reef areas and 
the pandora inhabits sandy bottom areas (Smith 1988; Mann 2000). The maasbanker is usually found in areas 
with  sandy  bottoms,  but  these  fish  migrate  to  the  surface  at  night  where  they  feed  on  small  fish  and 
crustaceans (Smith 1988). Large shoals of piggy juveniles can be found in shallow water reefs feeding on 
shrimps and other small invertebrates, while the adults are found in deeper water (Smith 1988; Mann 2000). 
Peddemors (1995) found that shark nets that have been tangled, as might occur during a storm, act as fish 
aggregating devices (FADs). The two most common fish species found aggregating around the nets were the 
piggy and the maasbanker. If the nets are placed over a shallow reef, it may act as a FAD and the associated  
fish, such as the piggy might see it as additional protection. If capture of dolphins in the shark nets is feeding  
related, and the nets act as a FAD, it may explain the abundances of these species found in the diet.
2.4.2 Sex-specific differences
The diet  of  both male  and female  T.  aduncus were  dominated by the six most  important  species,  with 
cuttlefish making up the largest component. Males seem to target more mackerel, while females eat more 
maasbanker, although not  significantly so.  The average weights of the prey species eaten did not  differ  
significantly between the sexes, however, female dolphins appear to prey on a larger variety of species than 
males. This could be an effect of a larger sample size, but could also be due to females utilizing different  
areas to  feed than males,  with lactating and pregnant  females likely feeding closer inshore (Peddemors 
1995). These results are in agreement with Cockcroft and Ross (1990b) as well as Amir et al. (2005) who 
33
also found no significant difference between the mean lengths of the prey species taken by the two sexes.  
There is minimal sexual dimorphism in this species (Best 2007), which may account for the fact that both  
sexes are equally able to hunt larger fish. The sample size was not large enough to determine if any resource 
partitioning was present between reproductively active and resting females. Cockcroft and Ross (1990b) 
found  that  lactating  females  had  greater  numbers  of  prey  species  in  their  stomachs  than  non-lactating  
females. 
2.4.3 Ontogenetic variations in diet
Cockcroft and Ross (1990b) found the same six major prey species to be important across all the age classes  
of T. aduncus, with only some minor variation between adults and juveniles. Our results corroborate those 
findings, with the same six species as the most important in both adults and juveniles, but with significant  
differences found in the overall diet composition. The intake of solid food starts at about six months of age in  
T. aduncus from KZN, but suckling continues for two to three years after birth (Cockcroft & Ross 1990a;  
Best  2007).  Our  results  demonstrate  that,  in  relation  to  adults,  juveniles  feed  to  a  larger  extent  on  
cephalopods, which may be due to them feeding in close association with their mothers. It was hypothesized  
by Young & Cockcroft (1994) that in order to meet their energy requirements, lactating common dolphins  
(D. delphis) target more cephalopods as they have a higher water content than fish. Female T. aduncus with 
calves also appear to feed closer inshore than adults (Cockcroft and Ross 1990b). Our results also show that  
juveniles feed on a greater proportion of piggy than adults. As noted above, shallow reefs act as nursery  
grounds  for  piggy,  providing  a  consistent  food  supply  throughout  the  year.  There  was  no  significant  
difference in the mean weights of the prey species between adults and juveniles, but adult dolphins did take a  
larger range of prey species than juveniles (71 prey species in adults and 56 in juveniles).
2.4.4 Seasonal and spatial variations in diet
No significant seasonal effects on the diet of T. aduncus were apparent from this study. The most common 
species found in the diet are all resident (non-migratory) species. However, there was a significant difference 
in diet between the different locations of the nets, the greatest difference found being between the North  
coast and the Lower South coast. The differing temperature regimes could cause the distribution of the prey  
to differ along KZN, thus producing the difference found in this study. Surveys have suggested that in the  
winter months (June-August), a large migratory T. aduncus population move from Eastern Cape waters north 
into KZN waters following the annual sardine run (Natoli et al. 2008). These animals do not go further north 
than Ifafa. These migratory animals could account for the differences in diet composition seen between the  
north and lower south coasts.
2.4.5 Sex bias in net catches
In this study, there was a higher catch of females than males in the shark nets (58 females, 44 males). This  
bias may reflect the general sex ratio of the population, although it has previously been documented that 
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lactating females and their calves feed closer inshore than males, making them more vulnerable to capture in  
the nets (Cockcroft & Ross 1990b;  Cockcroft 1992). A predominance of mature females and calves were 
caught in the shark nets between 1980 and 1988, with the calves in the process of being weaned at the time 
of capture (Cockcroft 1992). Shallow inshore reefs are nursery areas for many species of fish, including  
piggy, and therefore provide a reliable food supply to T. aduncus calves (Cockcroft & Ross 1990b). Young 
calves and juveniles also tend to be inquisitive, which when combined with their inexperience with nets, and 
still  developing  sonar  skills,  may  make  them  more  prone  to  capture  in  the  nets  in  relation  to  adults  
(Peddemors 1995).
2.4.6 Temporal changes in diet
There was no temporal trend detected in the prey species of T. aduncus from KZN waters over time and the 
same six prey species were found to make up the bulk of the diet . However, the IRI values of these prey 
items have changed. The importance of maasbanker in the diet has increased (1975-1986, %IRI=4; 2000-
2010 %IRI=20; Table 2.2), while the importance of piggy (1976-1986 %IRI=45; 2000-2010 %IRI=22) has 
decreased.  As  well  as  being  an  important  shore-angling  species,  piggy is  also  sensitive  to  temperature 
change, with heavy mortality being documented due to cold upwelling along the south coast of South Africa 
(Heemstra & Heemstra 2004). Habitat destruction of shallow reefs that act as nursery grounds may also lead 
to a decline in the abundance of this species. Several thousand tons of soil are annually washed down KZN's  
rivers  into the sea,  leading to  siltation of many inshore reefs,  and increasing the turbidity of  the water  
(Peddemors 1995). This along with the observation that  T. aduncus avoid turbid water (Peddemors 1995) 
may be a contributing factor to the decrease of piggy in the diet and the resultant increase in the importance 
of maasbanker.
Possible bias in the present study could have been introduced by erosion. Erosion of otoliths due to digestion 
is a problem when analysing stomach contents, however, the method of storage of the hard-parts can also 
impact on their structural properties. The contents of stomachs collected between 1985 and 1999 were stored 
in alcohol. Due to the alcohol, some of the otoliths were badly eroded and potentially completely dissolved, 
while cephalopod beaks remain unaffected. This presents a potential bias in the temporal comparison as  
cephalopods and fish with larger otoliths are over-represented. Erosion of otoliths could explain the low 
proportions of mackerel and pandora noted during this time period, especially for the former species as their 
otoliths are very small and fragile.
2.4.7 Anthropogenic impacts
Climate change and overexploitation by fisheries are two challenges currently facing the marine environment 
(Pauly  et  al. 1998;  Simmonds  & Isaac  2007).  Both  have  the  ability  of  changing  the  productivity  and 
abundance of prey species that are important to cetaceans. The maasbanker is not targeted by any fisheries 
along the KZN coast, but is occasionally taken as bait by recreational ski-boat anglers though using yo-zuris 
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(a type of fishing lure) (Mann, pers. Comm.). Piggy on the other hand, is an important shore angling species,  
regularly taken by subsistence fishers and used as bait by recreational fishermen (Smith 1988). As the main 
fisheries in KZN are linefishing and deep water crustacean trawling, the most likely challenges that will face  
the prey species of the bottlenose dolphin will be pollution and climate change.
The biology and abundance of several of these prey species are still  poorly understood. This presents a  
challenge when trying to predict what effects these threats will have on future prey stocks  (Bearzi 2002), 
and what measures need to be made that will mitigate these effects.
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Chapter 3
Examination of long-term patterns in the diet of Indian Ocean bottlenose 
dolphins, Tursiops aduncus, off the coast of KwaZulu-Natal through stable C 
and N isotope analysis
3.1 Introduction
3.1.1 Long-term studies in marine mammals
Detecting directional shifts in a large-scale marine ecosystem requires dedicated effort over an extended time 
period (Boyd & Murray 2001). However, maintaining continuous and consistent observations across such 
time periods is expensive and difficult, and thus long-term data sets are often incomplete ( Boyd & Murray 
2001). Marine mammals make good sentinel species due to their long life span, as well as the fact that they 
are  major  consumers  at  almost  all  trophic  levels  (Bowen  1997;  Bossart  2006).  While  stomach content 
analysis is able to provide valuable data on the diet of an animal, it can only provide a snap-shot of the last 
few foraging events of that animal (Todd et al. 1997; Mærsk Lusseau & Wing 2006). In addition this method 
also introduces a number of biases, as prey items are assimilated at different rates, and therefore may give a  
false indication of the diet of the animal (Owen et al. 2011; see also Chapter 2). Assessing the diet of marine 
mammals over short time periods therefore provides little predictive power for management plans for both  
the predator as well as the prey species. The Indo-Pacific bottlenose dolphin (T. aduncus) is a long lived 
animal, reaching ages of up to 43 years (see Chapter 1), that displays feeding habits that allow it to utilize a  
large variety of prey (as discussed in Chapter 2). This generalist feeding behaviour implies that their diet will  
largely represent the fish and cephalopod composition of an area (Silva 1999). Long-term studies on the diet 
of these dolphins can provide information about the effects of climate change, exploitation by fisheries, and 
habitat degradation, as these effects might only be noticeable over a long time period ( Gambaiani  et al. 
2008). Long-term data sets of the diet of dolphins, with consistent data collection, are scarce. This makes the  
specimens collected by the PEM invaluable as they provide a data set spanning four decades. By comparing 
the stomach contents of  T. aduncus caught in the shark nets along the KZN coast-line over the last four 
decades (Chapter 2) in combination with the use of stable isotope analysis of the teeth of these specimens,  
long-term dietary patterns and changes can be elucidated. 
3.1.2 Stable isotope analysis
Determining  the  feeding  habits  of  marine  mammals  has  traditionally  relied  on  gut  content  analysis  or  
opportunistic observations of feeding events, but both of these methods only provide information about the  
most recent prey species composition (Todd  et al. 1997;  Walker & Macko 1999). Stable isotope analysis 
(SIA) provides  an indirect  method of  determining not  only what  was ingested,  but  also what  has  been 
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assimilated (Abend & Smith 1997;  Walker  et al. 1999). This method is based on the observation that the 
isotopic signature of the diet is reflected in the tissues of the consumer, with predictable fractionation factors  
between prey and consumer (Todd et al. 1997; Bond & Jones 2009). This method has been used widely by 
ecologists to determine migration patterns, dietary reconstructions, and trophic level interactions (Hobson & 
Clark 1992a; McKechnie 2004). Carbon and nitrogen isotopes have been used extensively to trace organic 
matter through food webs and organisms as they have distinct natural isotopic patterns that allow for tracing  
of the diet of the consumer (Hobson 1999; McCutchan et al. 2003). The changes of isotopic signatures are 
predictable due to the ways the elements cycle through the biosphere, and geographical as well as trophic 
gradients in the ratios can be found (Peterson & Fry 1987; McKechnie 2004).
3.1.3 Carbon and Nitrogen fractionation
The isotopic ratios fractionate or change in predicable ways between the tissues of the consumer and prey 
(Hobson & Clark 1992a;  Abend & Smith 1997;  Botta  et al. 2011). Both  δ13C and  δ15N show a stepwise 
enrichment  (increase  in  the  amount  of  heavier  isotope)  with  increasing  trophic  level  in  the  marine  
environment (Botta et al. 2011).
Carbon isotopic  ratios  (δ13C) are  used to  determine the dietary composition and trace the origin of  the  
primary production source of a consumer (Abend & Smith 1997; Caut et al. 2011). The carbon signature of a 
consumer  reflects  the  mode  of  photosynthesis  of  the  primary  producer  at  the  bottom of  the  food  web 
(O’Reilly  et al. 2002;  Niño-Torres  et al. 2006;  Logan  et al. 2008). Marine carbon signatures are usually 
enriched  compared  to  terrestrial  sources,  due  to  the  importance  of  bicarbonate  as  a  carbon  source  
(McKechnie 2004). A gradient in the marine environment is also present, with inshore sources more enriched 
than offshore sources (Clementz & Koch 2001;  Bond & Jones 2009). It can then be expected that habitat 
type and prey distribution will directly influence the isotopic signature of a predator (Barros  et al. 2010). 
There is usually an enrichment of ~1‰ in δ13C with each trophic level (Abend & Smith 1997; Clementz & 
Koch 2001).
Nitrogen (δ15N) is generally accepted to show an enrichment of approximately 2‰-5‰ with each trophic  
level. This is due to the lighter  14N isotopes being preferentially removed by the enzymes responsible for 
amino acid deamination (Gannes et al. 1997; Todd et al. 1997; McKechnie 2004), resulting in the excreted 
nitrogen being depleted as compared to the tissue nitrogen (McCutchan et al. 2003). This predictability of 
the fractionation can be used to determine the trophic level of a population (Walker & Macko 1999).
3.1.4 Tissue turnover rates
Due to differing metabolic rates,  time-integrated dietary information can be determined by studying the 
stable isotope ratios of different tissues (Hobson et al. 1996). By measuring the isotopic signature of several 
tissues with different turnover rates from a single individual, short-, medium-, and long-term information can 
be obtained from blood, muscle and bone, respectively (Hobson & Clark 1992b; Hobson et al. 1996; Phillips 
& Eldridge 2006). Metabolically inert tissues, such as bone and teeth, will display the isotopic signature of 
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the diet at the time it was formed, and by using parts or the whole, both short- and long-term diets can be  
studied using the same sample (Walker et al. 1999). These tissues are useful when trying to evaluate historic 
diets from museum specimens, as they preserve well (Walker & Macko 1999).
There are few studies that report the isotopic signatures of different tissues from the same individual in  
cetaceans.  Such  studies  are  important  for  comparative  purposes  as  different  tissues  will  naturally  have  
differing isotopic signatures depending on their metabolic activity (Gannes et al. 1997; Todd et al. 1997). A 
study using skin might give different isotopic values to one using blubber when trying to determine trophic  
position or primary production (Tieszen et al. 1983). Base-line studies are needed to determine the patterns 
that might occur between the tissue signatures to inform comparison between different studies.
3.1.5 Teeth of dolphins
Teeth of cetaceans provide the ideal medium for long-term isotopic analysis (Walker & Macko 1999). They 
preserve organic material well and due to the way in which they are formed, they are able to provide both  
long- and short-term data about the dietary habits of the individual (Walker  et al. 1999;  Walker & Macko 
1999). A dolphin tooth is composed mostly of dentine layers that fill the open pulp cavity as the animal ages 
(Hohn 2002; Knoff et al. 2008). At birth, a dolphin tooth consists of a thin cone of dentine (prenatal dentine) 
partially covered by enamel. This zone is a uniform layer that is easily identified by its lack of substructure  
(Hohn 1980). After birth, a poorly calcified translucent dentine layer is laid down and is termed the neonatal  
line (Myrick Jr.  & Cornell  1990;  Myrick Jr.  1991).  In  Tursiops the growth layers that  are subsequently 
deposited in the teeth appear as alternating translucent and opaque layers (Hohn 1980;  Hohn  et al. 1989; 
Myrick Jr. & Cornell 1990). These repeating patterns are termed growth layer groups (GLGs) and these are 
the structures that are counted during age determination studies (Hohn 1990). These layers are laid down 
continuously  throughout  the  juvenile  and  the  early  adult  years  of  the  dolphin  until  the  pulp  cavity  is  
completely occluded. Thus the oldest layers would be closer to the enamel of the tooth, whilst the youngest  
layers would be closer to the pulp cavity. The thickness of the GLGs appears to be determined by age, with  
the layers becoming progressively thinner as the animal ages (Myrick Jr. & Cornell 1990).
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Fig. 3.1: Diagrammatic representation of a dolphin tooth indicating the growth layers in the teeth (seaworld.org).
3.1.6 Stable isotope analysis studies on marine mammals
Stable isotope analysis has been used in dietary studies for several marine mammal species.  Abend and 
Smith (1997) used stable isotope analysis to determine the enrichment values between long-finned pilot  
whales (Globicephala melas) and their primary prey species, long-finned squid (Loligo pealei) and Atlantic 
mackerel (Scomber scombrus). The enrichment values between the combined prey signatures and the whale 
tissues for δ15N were 1.7 ‰ and 1.1 ‰ for skin and muscle, respectively, much lower that the expected 3 ‰ 
for  marine  organisms  (Abend  & Smith  1997).  In  contrast  to  this,  tissues  of  captive  harp  (Pagophilus 
groenlandicus), harbour (Phoca vitulina) and ringed seals (Phoca hispida) showed on average an enrichment 
of the expected 2-3 ‰ (Hobson et al. 1996). The exception to this trend was found in blood, which showed 
an enrichment  of  only 1.7  ‰ (Hobson  et  al. 1996).  Both of  these studies  highlight  the  importance of 
determining the fractionation rates of the different tissues before trying to determine the trophic level of the 
consumer. 
There have been several isotopic studies done on the bottlenose dolphin (Tursiops sp.) from a number of 
populations globally, for  example,  both the Atlantic and Pacific USA coastline (Walker & Macko 1999; 
Walker et al. 1999; Knoff et al. 2008), Doubtful Sound, New Zealand (Mærsk Lusseau & Wing 2006) and 
the south coast of Australia (Owen et al. 2011). Some of these studies have been carried out to differentiate 
between populations (Walker  et al. 1999;  Barros  et al. 2010). As expected, much variability was observed 
between the isotopic signatures of the dolphins in these studies. When teeth were used, coastal populations  
from the North Atlantic were seen to be enriched compared to those offshore (Walker et al. 1999). Dolphins 
that had stranded or been caught in fisheries off the coasts between Maryland and North Carolina, classed as  
either offshore or inshore based on external morphometry and food habits,  were found to have nitrogen  
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isotopic signatures of 14.8 ‰ and 16.8 ‰, respectively (Walker et al. 1999). This was though to be due to 
benthic inshore prey being enriched in both carbon and nitrogen when compared to pelagic offshore prey  
species. Location can also cause differences in isotopic signatures. In contrast to Walker et al. (1999), coastal 
bottlenose dolphins from Sarasota Bay, Florida, were found to be depleted in δ15N but enriched in δ13C when 
compared to offshore dolphins (Barros et al. 2010). This enrichment in δ15N was found to be due to offshore 
animals consuming more prey from higher trophic levels, and the depletion of δ13C due to the reduction of 
the influence of sea grass beds (Barros et al. 2010).
Two populations of the south Australian (or Burrunan) bottlenose dolphin (T. australis sp. nov.) showed great 
variation in their nitrogen isotopic signatures (Owen et al. 2011). The nitrogen signature of the population of 
T. australis from the Port Phillip Bay area was 17 ‰, while that of the population from the Grippsland lakes 
was 15.5 ‰. Both of these populations had different nitrogen signatures to that found for T. truncatus off the 
coast of southern Australia (15 ‰) (Owen et al. 2011).
Knoff et al. (2008) used stable isotope analysis to determine whether ontogenetic dietary changes would be 
reflected in the stable isotopic signature of the teeth of an individual. While they found no change in the  
carbon  signature,  the  tooth  layers  representing  the  early  life  of  the  individuals  were  enriched  in  δ15N 
compared to the layers that represented the adult life (Knoff et al. 2008). This was due to the fact that while 
the calf was suckling the milk was representative of it's mother's tissues, and the calf was therefore feeding  
on a higher trophic level (Knoff et al. 2008).
Mærsk Lusseau and Wing (2006) used isotopes to determine the proportions of pelagic versus local food 
sources in the diet of an isolated bottlenose dolphin population inhabiting Doubtful Sound in New Zealand.  
The diet  of  this  population was primarily made up of  local  sources,  rather  than pelagic subsidies.  This  
indicates that although pelagic prey species are available, these dolphins do not rely on this food source 
(Mærsk Lusseau & Wing 2006).
3.1.7 Aim
This part of my study aimed at examining the long-term dietary habits of T. aduncus with the use of stable 
carbon and nitrogen isotope analysis of teeth of T. aduncus caught in the shark nets off KZN between 1970 
and 2010. The teeth were available from the Graham Ross Marine Mammal Collection at the Port Elizabeth  
Museum. This analysis was used to ascertain whether there has been a change in the trophic level T. aduncus 
have been feeding at. These results could then be combined with the stomach content analysis (Chapter 2) to 
provide data on broad and fine scale feeding behaviour for these dolphins. I aimed to examine the different  
isotopic signatures of five different tissue types from the same individual to provide a base-line study for  
further dietary studies that may use different tissue types. These data are valuable as they originate from 
wild, presumed healthy animals and not from strandings. Sex specific differences were analysed for each  
tissue type. 
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3.2 Materials and Methods
3.2.1 Stable isotope analysis of teeth
Stable isotope analysis was employed to investigate the long-term trends in the diet of T. aduncus from the 
KZN coast. Thirty three teeth (16 females, 18 males), each from a different individual, kept at the PEM 
Graham Ross Marine Mammal Collection from T. aduncus caught in the shark nets were used in this study 
(Appendix 2). These samples represented animals from each decade, ranging from 1970 to 2010 (Table 3.1).
Table 3.1: Number of T. aduncus teeth used per decade for stable isotope analysis
Date Number of Females Number of Males
1970-1979 1 3
1980-1989 4 5
1990-1999 4 3
2000-2010 7 7
Only adults who had reached sexual maturity (>230cm total body length) (Ross 1979; Cockcroft & Ross 
1990a; Cheal & Gales 1992) were considered to ensure that the pulp cavity was occluded. All the samples for 
this study were from the dentine section of the tooth. Teeth were stored in three different ways: cleaned by  
maceration and stored dry, kept in a section of the jaw and stored in propanol, or removed from the jaw and 
frozen. Macerated teeth were rinsed in distilled water and dried on paper towelling prior to mounting for  
sectioning. Teeth stored in propanol were dissected out of the jaw and any remaining tissue was removed.  
These teeth were then thoroughly rinsed in distilled water and left to dry for at least 48 hours to ensure that  
all  the propanol had evaporated. Frozen teeth were defrosted, any residual tissue removed and rinsed in  
distilled water before drying. All teeth were mounted onto glass slides using a mounting medium of PEG 
(Polyethelene glycol 4000 – Merck), and left  to set at  room temperature for approximately one hour. A  
Buehler Isomet Low Speed saw was used to section the teeth longitudinally in the Geology Department at  
Rhodes University. The tooth sections were removed from the slides and any residual PEG was removed by 
placing them into hot distilled water. The sectioned teeth were then dried and stored in glass bottles. 
Each tooth half was then clamped in place using a set of 'Helping-hands' (an apparatus with two crocodile  
clips at each end of a mounted bar) and the inner most section of the tooth was drilled out using an electrical  
dental technicians drill (Volvere GX, Model NE 22L), taking care to avoid the neonatal and pre-weaning 
layers, as well as the cementum. The powder was collected in tin foil cups placed under the tooth, and then 
stored in Eppendorf tubes for decalcification. 
Decalcification, or acid washing, is used to remove non-dietary, inorganic carbon, usually in the form of  
carbonates (Bunn et al. 1995). Inorganic carbon is normally highly enriched compared to organic carbon, and 
will skew the δ13C isotopic signatures of animals that have carbonate-rich hard parts (Jardine  et al. 2003; 
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Søreide et al. 2006). Acid washing removes these carbonates and makes the overall carbon signature lighter.  
This may cause bias if decalcified samples are compared to untreated samples. However, all the samples in 
this study were treated the same, removing any bias.
The tooth powder was decalcified using 1 ml of 1M HCl added to the Eppendorf tube,  shaken for one  
minute,  then  left  open to  stand for  two hours  while  effervescence  took  place.  The  samples  were  then  
centrifuged at 12000 rpm for two minutes, the supernatant was pipetted off, and the pellet was re-suspended 
in distilled water before being centrifuged again at 12000 rpm for a further two minutes. The supernatant was  
pipetted off again and the samples were left to dry in an oven at 40º C for two days. The dry pellet was stored 
in the tube until stable isotope analysis was performed.
3.2.2 Stable-isotope analysis of tissues
In order to determine the isotopic signatures of different tissues of wild T. aduncus, skin, muscle, blubber, 
and liver samples were taken from six animals (three females and three males) caught in the shark nets in  
2010. All of the animals were over 230cm, and thus assumed to be physically mature (Ross 1979; Cockcroft 
& Ross 1990; Cheal & Gales 1992). The blubber samples were taken from the layer closest to the skin. The 
skin,  muscle and liver samples were dried in an oven at  40º C until  completely dry,  while the blubber  
samples were freeze dried. Each sample was then crushed using a mortar and pestle and stored in Eppendorf  
tubes. Lipids have a more negative 13C value than other compounds in tissues and thus the lipid content of a 
tissue can have a large impact on the 13C isotopic signature (Logan et al. 2008). Lipid removal serves as a 
form of standardizing all the samples, as some tissues have a higher lipid content than others ( Jardine et al. 
2003).  For this study,  lipids were removed using a modification of the Bligh and Dyer (1959) method.  
Powdered  samples  were  placed  into  glass  centrifuge  tubes  and  immersed  in  a  2:1  solution  of  
methanol:chloroform at a volume of three to five times that of the sample. The samples were agitated for one 
minute and left uncovered for 30 minutes. The samples were centrifuged at 4000 rpm, and the supernatant 
was pipetted off. This process was repeated three times, and subsequently the samples were placed in an 
oven at 40 oC for 48 hours to dry. 
All  samples  were  weighed  into  tin  capsules  and  underwent  stable  light  isotope  analysis  at  the  
IsoEnvironmental cc. facility at the Botany Department at Rhodes University. 
3.2.3 Statistical analyses
Samples were divided into two groups; historic, incorporating animals from the 70s and 80s, and recent,  
using animals from the 90s and 00s. The statistical package Statistica (Version 7.0) was used to do one-way 
analysis  of  variances  (ANOVA)  to  determine  any  differences  in  isotopic  signatures  over  the  two  time 
periods,  as well  as between the sexes over the two time periods.  One-way ANOVAs were also used to  
analyse differences between the different tissue types.
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3.3 Results
3.3.1 Temporal patterns
No significant changes were observed in trophic level feeding of T. aduncus from the KZN coast over the 
period 1970 to 2010. No significant differences were found for the δ15N signatures (ANOVA: p = 0.79) (Fig. 
3.2), or for the δ13C signatures (p = 0.53) (Fig. 3.3) in teeth over the four time periods. Nonetheless some  
pattern was evident for δ13C, with an increase from the 70s to the 80s, followed by a gradual decline over the 
next two decades (Figure3.3). The most variance for both elements occurred during the 70s (nitrogen: +/-  
0.7; carbon: +/- 0.33), however this could be a result of the small sample size for this decade. The smallest  
variance for δ15N was during the 1990s (+/- 0.15), while that for δ13C was during the 1980s (+/- 0.1).
The results of the t-tests showed no significant difference for the δ15N and δ13C signatures between males and 
females (p = 0.32 ; p = 0.37 respectively) (Fig. 3.4 and 3.5). 
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Fig. 3.2: Average δ15N isotopic signatures from tissue extracted from teeth of adult T. aduncus incidentally caught in the 
shark nets along KwaZulu-Natal over two time periods, showing standard deviation.
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Fig. 
3.3: Average δ13C isotopic signatures from tissue extracted from teeth of adult  T. aduncus incidentally caught in the 
shark nets along KwaZulu-Natal over two time periods, showing standard deviation.
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Fig.  3.4:  Average  δ15N isotopic  signatures  from tissue  extracted  from teeth  of  adult  male  and  female  T.  aduncus 
incidentally caught in the shark nets along KwaZulu-Natal over two time periods.
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Fig.  3.5:  Average  δ13C isotopic  signatures  from tissue  extracted  from teeth  of  adult  male  and  female  T.  aduncus 
incidentally caught in the shark nets along KwaZulu-Natal over two time periods. 
3.3.2 Fractionation between tissues
Results of the ANOVA showed significant differences between certain tissues. The mean δ15N values differed 
among tissues, however, only blubber was significantly enriched compared to the remaining tissues (p < 
0.05) (Fig. 3.6).  There is more variation evident  in the mean δ 13C values, with blubber and teeth being 
significantly enriched compared to muscle, skin and liver (p < 0.05) (Fig. 3.7). There was no significant  
difference between muscle and skin for either δ15N (p = 0.37) or δ13C (p = 0.51). Overall, the metabolically 
inert tissues showed more enrichment in δ13C than metabolically active tissues. 
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Fig. 
3.6: Average δ15N signatures of different tissues from six T. aduncus individuals caught in the shark nets off KwaZulu-
Natal during 2010 showing standard error bars.
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Fig. 
3.7: Average δ13C signatures of different tissues from six T. aduncus individuals caught in the shark nets off KwaZulu-
Natal during 2010 showing standard error bars.
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3.4 Discussion
Both  climate  change  and  exploitation  by  man  have  the  potential  to  alter  the  distribution,  locality  and 
abundance of marine species, either directly or indirectly (Bearzi 2002; Learmonth et al. 2006; Gambaiani et  
al. 2008). Stomach content analysis has shown that there appears to have a been a shift in T. aduncus diet 
from benthic reef based prey to more pelagic species over the last four decades (Chapter 2). In the present  
chapter, I aimed to determine whether these changes were reflected in the isotopic signatures of teeth within 
this population of dolphins from the KZN coastline. Although some decadal variability was evident, there 
was no significant difference, or directional change, in carbon or nitrogen signatures. There were furthermore  
no significant sex-specific differences in these signatures.
3.4.1 Trophic level
As the dentine sample taken from the teeth was representative of the adult life of each dolphin, and was  
pooled over the span of a number of years of the adult dolphin's life, the isotopic signatures in this study are 
representative of the long-term diet. By using a sample set that incorporated many years, any variations in  
diet, such as seasonal fluctuations of the prey species, were minimised and an average for the adult life of the  
dolphin was obtained. 
The  δ15N and  δ13C signatures of the dentine in this study showed no significant change over the 40 year 
period. There is evidence of a slight progressive depletion over time for both elements, which could be due 
to the change in preferred prey species (Chapter 2), or a change in feeding patterns lower down in the food 
web. A gradual shift from inshore benthic sources to more pelagic prey, as seen in the stomach contents of  
these dolphins (Chapter 2), could explain the depletion in δ13C seen in this study. There has been a shift over 
time of the importance of piggy, a shallow reef fish (1976-1986 %IRI =45%; 2000-2010 %IRI = 22%), to the 
maasbanker,  an epipelagic  fish (1976-1986 %IRI 4%; 2000-2010 %IRI = 20%) (Table  2.2,  Chapter  2). 
Marine benthic algae is generally enriched in δ13C when compared to marine pelagic phytoplankton, which is 
thought to be due to differences in the physical factors involved in diffusion of carbon dioxide through the 
water column (France 1995; Pruell et al. 2003).
The diet of T. aduncus shows some variation according to location along the KZN coast-line. This, however, 
should not have had an affect on the current results of the stable isotope analysis as, except for 5 samples  
from the 1990s, all of the specimens used were obtained from the north coast. 
In contrast to the present study, a study by Walker et al. (1999) analysing the diet of T. truncatus from the 
north Atlantic spanning 100 years, found that the signatures were similar, but displayed a small, progressive 
enrichment  over  time (Walker  et  al. 1999).  This  may be due to  terrestrial  inputs  such as  fertilizer  and 
sewerage which may have altered the isotopic signature of the primary producers in the coastal  system  
(Walker  et  al. 1999).  Ambrose  (2010)  studied  the  isotopic  signature  of  teeth  of  long-beaked  common 
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dolphins (D. capensis) caught in the shark-nets along the coast of KZN during the sardine run over a 40 year 
period. No significant difference between historical and modern isotopic ratios was found for either δ15N or 
δ13C in the teeth of these dolphins (Ambrose 2010). 
This may be due to a limitation associated with isotopic analysis when dealing with opportunistic feeders,  
such as T. aduncus. This method generally only gives a broad overview of the diet and the isotopic signatures  
are also influenced by other factors besides prey composition (Bond & Jones 2009). 
3.4.2 Tissue samples
Even when fed an isotopically homogenous diet, the isotopic signature of different tissues of the consumer 
can differ (Gannes et al. 1997). The choice of which part of the organism to analyse can influence the results 
and therefore the conclusions about  the diet  (Tieszen  et al. 1983). There are few studies that report  the 
isotopic signatures of different marine mammal tissues from the same individual (e.g. Hobson et al. 1996; 
Todd et al. 2010), and even fewer that look at cetaceans (e.g. Todd et al. 1997; Caut et al. 2011). 
My results  showed  a  significant  enrichment  in  δ13C from the  metabolically  active  tissues  (skin,  liver,  
muscle) to the metabolically inert tissues (teeth and blubber). These results are in concordance with Hobson  
et al. (1996) who found metabolically active tissues, muscle and liver, in different seal species (Pagophilus 
groenlandicus,  Phoca vitulina  and  Phoca hispida)  to be less  enriched when compared to the  diet,  than 
metabolically inert or keratinous tissues, such as whiskers and hair. Similarly, skin and blubber from a killer  
whale (Orcinus orca) were found to be more enriched when compared to diet than muscle and liver (Caut et  
al. 2011). Blubber has a unique metabolism and, due to enzymatic preferences, generally is depleted in δ13C 
compared to the other tissues (Todd et al. 1997). It is more energetically efficient for the body to store dietary 
lipids and use dietary protein almost exclusively for tissue synthesis (Gannes  et al. 1997). Therefore, as 
lipids are stored in the blubber, they are not readily broken down, retaining more of the lighter isotopes that  
would normally get excreted during other metabolic functions (Gannes et al. 1997).
There was no significant difference in either δ15N or δ13C signatures between skin and muscle, as seen for  
the same tissues in humpback whales (Megaptera novaeangliae) (Todd  et al. 1997) and seals (see above) 
(Hobson et al. 1996; Todd et al. 2010). An important application of these fractionation values is to predict 
dietary isotopic values on the basis of the isotopic signature of a single tissue type, as one would get during  
remote biopsy sampling (Hobson et al. 1996). My results suggest that the isotopic signature of biopsied skin 
will provide similar isotopic dietary information as muscle or liver, and provide a relatively non-invasive  
alternative to these internal tissues for obtaining dietary information. This study also shows that caution 
should be used when comparing isotopic signatures originating from different tissue types in dietary studies.  
There is currently limited information on the turnover rates of various tissues in marine mammals (Hobson 
et al. 1996; Caut et al. 2011) and this requires further dedicated study.
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Chapter 4:
General discussion and conclusions
Dietary studies are important in marine mammals as they provide information on the ecology of the 
predator as well as the prey, in addition to giving information on trophic interactions in the marine 
environment (Pierce & Boyle 1991; Santos et al. 2001). In some cases, changes in diet have been used 
as indicators for ecological system shifts (Weimerskirch  et al. 2003). There are a range of methods 
that  have been  used  to  determine diet  in  cetaceans  (Hall  et  al. 1995;  Barros  & Wells  1998).  In 
Tursiops sp., stomach content analysis has been the most commonly used method of dietary analysis.  
The diet of this species has been described in many regions worldwide, such as South Africa (e.g.  
KZN, South Africa (Cockcroft & Ross 1990b), the Pacific coast (Hanson & Defran 1993), Brazil (de 
Oliveira Santos et al. 2002), the Gulf of Mexico (Barros & Wells, 1998; Gannon & Waples, 2004) and  
North Atlantic coast of Europe (Spitz  et al. 2006) the Mediterranean (Blanco  et al. 2001) and the 
Scottish coast  (Santos  et  al. 2001)).  It  was found that  the diet  of  these dolphins in most  regions 
comprises mainly fish and cephalopods from a wide variety of habitats, ranging from benthic reefs,  
sandy bottom and pelagic waters. All of these studies reported Tursiops sp. to feed on a large variety 
of prey species, but they all showed the dolphins to utilize certain species more than others, possibly 
in response to local prey availability.
When compared to a previous study (Cockcroft and Ross 1990b), there appears to be a shift of prey  
consumed from benthic reef species to more pelagic species. Despite changes in prey composition 
observed through stomach content analysis,  results  of the stable isotope analysis indicate that  the 
trophic position of these dolphins has remained stable over the past four decades. This suggests that 
the most important prey species targeted by the bottlenose dolphins from KZN are all at the same 
trophic level in the food web. Therefore a shift in diet between these species would not be reflected in  
the  stable  isotopic  signatures  of  the  dolphin  tissues.  There  was  evidence  of  a  slight  progressive 
depletion in δ13C. While not significant, this depletion could be evidence of a diet that is moving away 
from inshore benthic sources, towards more pelagic sources (France 1995; Pruell et al. 2003).
Each of the dietary analysis methods used in this study had both strengths and weaknesses. Stomach  
content analysis is able to provide a short-term record of the feeding habits of an animal as the last  
prey consumed prior to death can be identified (Barros & Wells 1998). It  is able to provide very 
specific information about the different prey species consumed. However, it can only provide a snap-
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shot of the last few foraging events of that animal (Todd et al. 1997; Mærsk Lusseau & Wing 2006). 
This, coupled with differing digestion and retention times for the hard remains of the different prey  
species, means that this method has several sources of potential bias (Pierce & Boyle 1991; Santos et  
al. 2001). Stable isotope analysis, on the other hand, is an indirect method that is able to provide 
information on nutrients that have been assimilated, not just ingested (Abend & Smith 1997; Walker 
et  al. 1999). This method is able to give a broader idea of the trophic relationships in a system. 
However, this means that when dealing with generalist feeders, such as T. aduncus this method is non-
specific and the isotopic signature could be due to a large amount of combinations for diet (Bond & 
Jones 2009). By combining stomach content analysis with stable isotope analysis, we were able to get 
fine- as well as broad-scale information on the diet of bottlenose dolphins.
4.1 Knowledge of fish stocks
The results of the stomach content analysis are in concordance with Cockcroft and Ross (1990b).  
While  over  the  last  four  decades  the  same  six  species,  namely  Pomadasys  olivaceum  (piggy), 
Trachurus delagoa  (maasbanker),  Scomber japonicus  (chub mackerel),  Pagellus bellottii  (pandora), 
Loligo sp.  (squid),  and  Sepia  sp.  (cuttlefish)  formed the  dominant  components  of  the  diet  of  T.  
aduncus from the KZN coast, there has been a shift in the proportions that each of these species has  
contributed to the diet. The main trends seen were that the piggy, a benthic reef fish, has decreased in  
importance, whilst that of the maasbanker, an epipelagic fish, has increased (Chapter 2).
The above mentioned changes in prey composition are likely to represent changes in availability of  
prey species. An accurate assessment of this assumption would, however, require data on the prey  
species abundances for the KZN coastline. The current available knowledge of local fish abundances  
in KZN waters is limited. As the most important prey species of this dolphin are not commercially  
exploited, there is very limited data on the status of these species. More research is necessary on these 
species so that management decisions can be made for both predator and prey.
4.2 Climate change
The coastal marine ecosystem is both ecologically as well as socio-economically valuable, however,  
this ecosystem is threatened by anthropogenic global climate change (Harley  et al. 2006). Various 
habitats and processes associated with the coastal marine environment are vulnerable (Harley  et al. 
2006;  Graham  et  al. 2007).  A change in  temperature,  pH,  salinity,  sea  level,  and  frequency and 
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severity of storms are likely to disrupt many ecosystem processes that will  have knock-on effects 
along the food web (Harley et al. 2006; Learmonth et al. 2006).
Coral reefs, which are greatly influenced by the biological and physical factors of their environment 
(Walther et al. 2002), are particularly vulnerable to increases in temperature and changes in salinity.  
Warming episodes in the past have resulted in wide-spread coral bleaching and death, e.g. the 1998  
bleaching event (Harley et al. 2006; Graham et al. 2007). An increase in the frequency and severity of 
extreme climatic events, such as tropical storms (Houghton et al. 2001; Walther et al. 2002; Harley et  
al. 2006), can cause mechanical as well as chemical damage to reefs (Learmonth et al. 2006). A rapid 
decrease in salinity, as might occur after a severe storm, causes corals to die (Hoegh-Guldberg 1999).
The reefs off the KZN coastline are some of the southernmost reefs in the world and are combined to  
the narrow continental shelf along this section of coast (Schleyer & Celliers 2000). Currently, the 
reefs along KZN have one of the lowest rates of major disturbances over the last decade (Riegl 2003), 
with the most likely causes of disturbance being damage by divers and outbreaks of crown-of-thorns  
starfish (Schleyer & Celliers 2000). Future damage to these reefs due to bleaching, pollution, storms 
or silting would result in a loss of important nursery habitat for the piggy, and could lead to a decline  
in recruitment. As this species is an important prey species for juvenile  T. aduncus,  a reduction in 
piggy could have knock-on effects in reproductive success in T. aduncus.
Ocean acidification, caused by an increase in CO2 levels, is likely to affect the metabolic function of 
water breathing animals (Learmonth et al. 2006). This effect is more pronounced in invertebrates than 
for fish, with cephalopods, such as ommastrephid squid being particularly vulnerable (Harley  et al. 
2006; Learmonth et al. 2006; Simmonds & Eliott 2009). Squid and cuttlefish form a large component 
of the diet of T. aduncus, and has been shown to be particularly important for nursing female common 
dolphins (D. delphinus) as it is thought that the higher water content of cephalopods is a valuable 
component for milk production, although they are low in calorific value (Young & Cockcroft 1994).
Determining  the  effects  of  climate  change  on  higher  trophic  levels  is  difficult,  as  many  of  the  
relationships  involved  are  non-linear  (Boyd  et  al.  2006).  There  may  also  be  a  lag  between  the 
responses of the predator and the climatic event (Lusseau et al. 2004). Climate change is likely to be 
associated with changes in the abundance of species at lower trophic levels, which will have knock-on 
effects that are likely to cause a change in the prey availability of top predators (Simmonds & Eliott 
2009). 
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Marine mammals are highly mobile and are thought to have the ability to adapt to changes in prey by  
migration and prey switching, however, such responses are poorly documented. Near-shore bottlenose 
dolphins from the Californian coastline extended their range northwards in response to a change in 
their prey distribution brought on by the 1982-83 El Niño event, and have remained in the new range, 
even after the warming event subsided (Hanson & Defran 1993; Learmonth et al. 2006). In the North 
Sea there has been a decline in strandings and sightings of a cold water species, the white-beaked 
dolphin (Lagenorhynchus albirostris),  and a relative increase in that of  the short-beaked common 
dolphin (Delphinus delphis), a warm water species (MacLeod 2009; Simmonds & Eliott 2009). This 
suggests a range expansion of the latter, while the former's range is decreasing. Those species which 
are not readily able to expand their range are at an increased risk under climate change (MacLeod 
2009). A mass mortality of  T. truncatus that occurred in the Gulf of Mexico has been linked to an 
unusual cold water event (Learmonth et al. 2006).
Marine  conservation  strategies  need  to  factor  in  unpredictable  impacts  of  climate  change.  These 
include the potential range shifts in cetacean species (Learmonth et al. 2006). Those species that are 
unable to move will need to be given an extra level of protection that includes their important prey 
species.  Range  changes  will  most  likely  act  alongside  several  threats  such  as  bycatch,  habitat  
degradation, and human exploitation (MacLeod 2009).
4.3 Fisheries and potential competition
Interactions  between  cetaceans  and  fisheries  have  been  documented  throughout  the  world.  Most 
studies have focused on the negative interactions, such as competition (e.g. D. delphis in the eastern 
Ionian Sea (Bearzi  et  al. 2006))  and bycatch (e.g.  T. aduncus in KZN (Cockcroft  1990)).  In  the 
Mediterranean Sea, the population of  D. delphis has declined drastically over the last two decades 
(Bearzi  et al. 2006;  Bearzi  et al. 2008a). This decline has been linked to prey depletion caused by 
overfishing in this region as the dolphins target the same species as the purse-seine fishery (Bearzi et  
al. 2008a).  T.  truncatus from the  same  region  has  also  shown a  decline  in  numbers,  with  their 
population being reduced by at least 30% in the last 60 years (Bearzi  et al. 2008b). This has been 
mainly  due  to  past  extermination  campaigns  that  were  conducted  up  until  the  1960s  as  well  as  
ongoing bycatch in fishing gear (Bearzi et al. 2008b). 
In  many  areas  around  the  world,  Tursiops  sp.  have  learned  to  follow  trawling  boats  and  take 
advantage of species that are stirred up or discarded (Fertl & Leatherwood 1997;  Broadhurst 1998; 
Chilvers  &  Corkeron  2001).  In  South  Africa,  deep-water  crustacean  trawling  is  an  important 
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commercial  fishery on the  east  coast  (Payne  & Crawford  1995).  Tursiops  sp.  are  seen  regularly 
following the boats and feeding on the discarded and disturbed fish (Robey Pers comm.).
The South African shore-based line fishery is open access, managed by size and bag limits, and closed 
seasons and areas (Clark et al. 2002; Mann et al. 2003). The majority of the subsistence fishers reside 
along the KZN and northern Transkei coastlines (Cockcroft et al. 2002), with 843 702 angler days per 
year calculated for the KZN coastline during an aerial  survey (Mann  et  al. 2008).  However,  this 
number is substantially smaller than a previous survey done in 1994-96 by Brouwer et al. (1997), who 
recorded 1 471 667 angler days per year. These fishermen target mainly Pomatomus saltatrix (elf) and 
Sarpa salpa (strepie), both of which are preyed upon by T. aduncus in small amounts. Elf makes up 
4.5% mass of the overall diet of these dolphins, while strepie only makes up 1.2% mass (Chapter 2).  
While the piggy is also caught by the shore anglers for bait, it was found that its importance in this  
fishery has declined when compared to a previous survey by Jourbert (1981) (in Brouwer et al. 1997). 
A new population  assessment  of  T.  aduncus in  South  African  waters  is  required  to  assess  their 
population status to inform conservation management for this species. The ongoing mortality in the  
shark nets may still be unsustainable according to the IWC rating. More research is also needed to  
determine the status of the fish stocks targeted by these dolphins along this coastline. To date, the  
IUCN still lists T. aduncus as 'data deficient' (Hammond et al. 2008), giving long-term studies such as 
this particular importance in understanding the status of this population.
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Appendix 1
Table A1.1: Samples used for the stomach content analysis
 PEM Code Sex Date of Death Age Class Location
 N3342     F       2008-07-13  J         
 N3410     F       2008-10-06  J          Durban
 N3413     F       2008-08-25  J          Thompson's Bay
 N3482     F       2009-06-19  J          Durban
 N3581     F       2009-10-12  J         
 N3341     M       2008-05-13  J          Ballito Bay
 N3318     M       2007-09-10  J          Durban
 N3361     M       2008-03-31  J          St. Michael's
 N3414     M       2008-08-11  J          Durban
 N3415     M       2008-08-25  J          Thompson's Bay
 N3480     M       2009-05-07  J          St. Michael's
 N3583     F       2010-05-11  J          Ballito Bay
 N3576     F       2009-07-21  J         
 N3573     F       2010-03-23  J          Richard's Bay
 N3585     M       2010-03-25  J          Amanzimtoti
 N3285     M       2006-07-27  J          Umgababa
 N3407     F       2008-12-04  J          Amanzimtoti
 N3181     M       2005-05-20  J          Salt Rock
 N3186     M       2005-05-03  J          Durban
 N3257     M       2006-02-02  J          Thompson's Bay
 N3180     F       2005-05-20  J          Salt Rock
 N3190     M       2006-06-01  J          Durban
 N3287     M       2006-06-19  J          Amanzimtoti
 N3309     F       2007-01-05  J          Warner
 N3291     M       2006-07-19  J         
 N3237     F       2005-06-06  J         
 N3305     F       2007-01-15  J          Tongaat
 N3120     M       2004-07-01  J          Ballito Bay
 N3286     M       2006-10-20  J          South Port
 N4352     M       2010-05-28  J          Salt Rock
 N4340     F       2010-02-25  J          Durban
 N3283     M       2006-05-19  J          Umtentweni
 N3344     M       2008-03-10  A          Ballito Bay
 N3345     M       2007-11-02  A          Amanzimtoti
 N3346     M       2008-08-30  A          Tongaat
 N3350     M       2008-05-30  A          Tongaat
 N3403     M       2009-01-05  A          Durban
 N3404     M       2008-12-09  A          Tongaat
 N3194     F       2005-01-10  A          St. Michael's
 Park Rhynie
 Sunwich Port
 Karridene
 Sunwich Port
 San Lameer
i
 PEM Code Sex Date of Death Age Class Location
 N3157     M       2005-05-06  J          Durban
 N3574     M       2009-10-12  A         
 N3590     M       2010-05-26  A          Zinkwazi
 N3409     F       2008-08-25  A          Thompson's Bay
 N3416     F       2009-01-09  A          Durban
 N3417     F       2008-09-30  A          Richard's Bay
 N3483     F       2009-04-17  A         
 N3317     F       2007-08-24  C          Durban
 N3127     M       2004-08-11  C         
 N2676     M       1997-11-11  J         
 N2712     F       1997-05-26  J          Richard's Bay
 N2720     M       1998-05-26  J          T.O Strand
 N2717     F       1997-05-29  J         
 N1282     F       1986-06-07  J          Brighton
 N2480     F       1995-12-18  J         
 N2708     F       1997-05-12  J          Mzamba
 N2721     M       1998-05-26  J          Trafalgar
 N2711     F       1997-07-09  J          Port Edward
 N3575     F       2009-10-12  A         
 N3577     F       2010-03-25  A          Amanzimtoti
 N3578     F       2010-02-12  A          Tongaat
 N3582     F       2010-02-16  A          Durban
 N3089     F       2005-05-15  A          Leisure bay
 N3313     F       2007-05-08  A          Amanzimtoti
 N3319     F       2007-07-11  A          Durban
 N3405     F       2008-08-14  A         
 N3586     M       2010-02-16  A         
 N3191     M       2005-06-06  A          Durban
 N3179     M       2005-01-20  A          Salt Rock
 N3187     M       2005-05-06  A          Durban
 N3250     M       2006-03-23  A          Zinkwazi
 N3140     M       2004-08-23  A          Banana Beach
 N3125     M       2004-06-28  A         
 N3284     M       2006-06-20  A          Durban
 N2915     M       2000-05-30  A          Durban
 N4338     M       2010-06-09  A          Salt Rock
 N3245     F       2005-09-29  A          Durban
 N3123     F       2004-05-31  A          Durban
 N3188     F       2005-05-23  A          Durban
 Umdloti
 Blythedale
 Hiberdene
 Ansteys
 San Lameer
 Winkelspruit
 Umdloti
 Umdloti
 Blythedale
 Ansteys
ii
 PEM Code Sex Date of Death Age Class Location
 N3238     F       2005-08-15  A         
 N3289     F       2006-07-27  A          St. Michael's
 N3251     F       2006-01-27  A          Durban
 N3235     F       2005-09-13  A          Banana Beach
 N4339     F       2010-06-02  A          Thompson's Bay
 N3124     F       2004-06-28  A         
 N2958     F       2000-06-01  A          Port Edward
 N4355     F       2010-06-14  A         
 N3477     F       2009-07-01  A          Durban
 N3115     F       2004-08-10  A          Zinkwazi
 N3476     F       2009-07-20  A          Tongaat
 N2423     F       1995-06-28  A          Banana Beach
 N1182     F       1985-07-25  A         
 N2700     F       1998-05-26  A          Durban
 N2698     F       1998-05-26  A          Durban
 N2604     F       1997-01-14  A          Durban
 N1800     F       1990-08-21  A          Umtentweni
 N1375     M       1987-05-20  A          Mtwalume River
 N2298     F       1994-07-29  A         
 N2579     F       1996-07-16  A          Margate
 N2335     F       1994-10-12  A          Uvongo
 N2272     M       1994-08-16  A          Banana Beach
 San Lameer
 Ansteys
 Park Rhynie
 Park Rhynie
 Park Rhynie
iii
Appendix 2
Table A2.1: List of samples and tissues used for the stable isotopic analysis
PEM Date Sex Tissue used Location
168 1971 M Teeth Durban
212 1974 M Teeth Westbrook
222 1974 F Teeth
355 1978 M Teeth Scottburgh
543 1980 F Teeth
795 1982 M Teeth Natal coast
907 1982 M Teeth Warner beach
1040 1984 M Teeth Natal coast
1057 1984 F Teeth Southbroom
1305 1986 F Teeth Scottburgh
1332 1987 M Teeth Warner beach
1500 1988 F Teeth Durban
1506 1988 M Teeth Durban
1772 1990 F Teeth Ramsgate
1796 1990 M Teeth
1970 1992 M Teeth
2147 1994 F Teeth Port Edward
2574 1996 F Teeth Durban
2578 1996 M Teeth Margate
2700 1998 F Teeth Durban
2915 2000 M Teeth Durban
2925 2000 F Teeth Uvongo
3039 2002 M Teeth Durban
3106 2004 M Teeth Richards Bay
3123 2004 F Teeth Durban
3251 2006 F Teeth Durban
3319 2007 F Teeth Durban
3346 2008 M Teeth Tongaat
3577 2010 F Teeth, Liver, Skin, Muscle, Blubber
3582 2010 F Teeth, Liver, Skin, Muscle, Blubber Durban
3586 2010 M Teeth, Liver, Skin, Muscle, Blubber
3590 2010 M Teeth, Liver, Skin, Muscle, Blubber Zinkwazi
4338 2010 M Teeth, Liver, Skin, Muscle, Blubber Salt Rock
4339 2010 F Teeth, Liver, Skin, Muscle, Blubber Thompson's Bay
Umdloti
Ifafa
Sunwich Port
Amamzimtoti
Amamzimtoti
Blythedale
iv
